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PEEFACE 

’ TO 

THE SECOND EDITION. 


The Fihst Edition of my ‘Geological Observations 
on the Volcanic Islands,’ visited during the voyage 
of H.M.S. ‘ Beagle,’ under the command of Capt. Fitz- 
Roy, E.N., was published, with the approval of the 
Lords Commissioners of Her Majesty’s Treasury, in the 
year 1844; and my ‘Observations on South America,’ 
in 1846. As both these works are now out of print, and 
as 1 believe that they still contain matter of scientific 
value, it has appeared to me advisable that they should 
be republished. They relate to parts of the world 
which have been so rarely visited by men of science, 
that I am not aware that much could be corrected or 
added from observations subsequently made. ^ 

Owing to the great progress which Geology has 
made within recent times, my views on some few points 
may be somewhat antiquated ; but I have thought it 
best to leave them as they originally appeared. In 
order to complete my account of the Geological Obser- 
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vations made during the voyage of the ^ Beagle^’ I will 
here give references to four papers which were separately 
published. First, ‘ On the Connection of certain Vol- 
canic Phenomena in South America,’ read in 1838, and 
published in Volume V. of the ‘Transactions of the 
Geological Society.’ Secondly, ‘ On the Distribution 
of the Erratic Boulders and on the contemporaneous 
Stratified Deposits of South America,’ read in 1841, and 
published in Volume VI. of the ‘Transactions’ of the 
same Society. Thirdly, ‘An Account of tlue Fine Dust 
which often falls on Vessels in the Atlantic Ocean : ’ 
‘Proceedings of the Geological Society,’ June 4, 1845. 
Fourthly, on March 25, 1846, in the same Journal, 
‘ On the Geology of the Falkland Islands." 
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CHAPTER I. 


ST. JAGO, IN THE CAPE »E YEIIDE ARCHIPELAGO. 

Hockn of the loir.est .syr/>.s\ —A enteaeeouti ^edlui^niary deposit^ with reeent 
ghe/t{<. altered hy (he contact of sn-perineulnhent lava, its }iori:'oniality 
and extent — Suhmpieni volcanic ervjdifmfi, associated with calcareous 
matter in an earthy and fihro-tts forniy and often enclosed within the 
scparo.te cells of thescorire —Ancient and obliterated orifices of eruption 
of small — Itifficidty of it aeiny over a hare plain recent streams of 

lava- Inland hills of more ancient volcanic rock — decomposed olivine in 
large vuisscs — Feidspathic r<K'ks heneoih the upper crystalline basaltic 
strata — Uniform structure and form of the more ancient volcanic kills — 
For?n (f the valleys near the coast — ConglorncnUe nSw forming on the 
sea. beach. 


The island of St. Jago extends in a NNW. an<l SSE. 
dii-ection, thirty miles in length by about twelve in 
breadth. ]\Ty observations, made during two visits, were 
confined to the southern portion within the distance of 
a few leagiu^s from Porto Praya. The country, viewed 
from the scia, presents a varied outline : smooth conical 
hills of a reddish colour (like Red Kill in the accompany- 
ing wocKlcut),^ and others less regular, flat-topped, and 
of a blackish colour (like A, B, C,) rise from successive, 
step-fonned plains of lava. At a distance, a ^hain of 
mountains, many thousand feet in height, traverses the 
interior of the island. There is no active volcano in 

St. Jagx), and only one in the group, namely at Fogo. 

• 

’ The otilline of the coast, the position of the villages, streamlets, 
and of most of the hills in this woodcut, are copied from the chart 
m,ade on board H.M.S. * Leven.’ The sqmre-topp('cl hills (A, B, C, &c,) 
are put in merely by eyip, to illustrate my description. 
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The island since being inhabited has not suffered from 
destructive earthquakes. 

The lowest rocks exposed on the coast near Porto 
Praya, are highly crystalline and compact ; they appear 
to be of ancient, submarine, volcanic origin ; they are 
unconforraably covered by a thin, irregular, calcareous 
deposit, abounding with shells of a late tertiary period ; 
and this again is capped by a wide sheet of basaltic lava, 
which has flowed in successive streams from the interior 
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of the island, between the square-topped hills marked 
A, B, C, &c. Still more recent streams of lava have 
been erupted from the scattered cones, such as Red and 
Signal Post Hills. The uppc^r strata of the square^ 
topped hills are intimately related in mineralogical 
composition, and in other respects, with the low-est stories 
of the coast-rocks, with which they seem to be continuous. 

Mmeralogiml description of the rocks of the lowest 
These rocks possess an extremely varying. char- 
acter ; they consist of black, brown and gray, compact, 
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basaltic bases, with mimerous crystals of augite, horn^ 
blende, olivine, mica, and sometimes glassy feldspar. 
A common variety is almost entirely composed of crystals 
of augite with olivine. Mica, it is known, seldom occurs 
where augite alx»unds;' nor probably does the present 
case offer a real exception, for the mica (at least in my 
best characterised specimen, in which one nodule of this 
mineral is nearly half an inch in length,) is as perfectly 
rounded as a pebble in a conglomerate, and evidently 
has not been crystallised in the base, in which it is nqw 
inclosed, but has proceeded from the fusion of some pre- 
existing rock. These compact lavas alternate with tuffs, 
amyg<kiloids and wacke, and in some places with coarse 
conglomerate. Some of the argillaceous wackes are of 
a dark green colour, others, pale yellowish-green, and 
others nearly white ; I was surprised to find that some 
of the latter varieties, even where whitest, fused into a 
jet black enamel, whilst some of the gi’een varieties 
afforded only a pale gray bead. Nmnerous dikes, con- 
sisting chiefly of highly compact augitic rocks, and of 
gray ainygdaloidal varieties, intersect the strata, which 
have in several places been dislocated considerable 
violence, and thrown into highly-inclined positions. 
One line of disturbance crosses the northern end of 
Quail Island, (an islet in the bay of Poi*to Praya) and 
can be followed to the mainland. These disturbances 
took place before the deposition of the recent sediment- 
ary bed ; and the surface, also, Jiad previously been 
denuded to a great extent, as is shown by m^y trun- 
cated dikes. 

Description of the calcareoiis deposit overlying the 
foregoing volcanic rocks. — This stratum is very con- 
spicuous from its white coloui*, and from the extreme 
regularity with which it ranges in a horizontal line for 
some miles along the coast. Its average height above 
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the Bea, measured from the upper line of junction "with 
the superincumbent basaltic lava, is about sixty feet ; 
and its thickness, although varying much from the 
inequalities of the underlying formation, may be esti- 
mated at about twenty feet. It consists of quite white 
calcareous matter, partly composed of organic debris, 
and partly of a substance which may be aptly compared 
in appearance with mortar. Fragments of rock and 
pebbles are scattered throughout this bed, often forming, 
especially in the lower part, a conglomerate, Many 
of the fragments of rock are whitewashed with a tliin 
coating of calcareous matter. At Quail Island, the 
calcareous deposit is replaced in its lowest part by a 
soft, brown, earthy tuff, full of Turritella? ; this is 
covered by a bed of pebbh's, passing into sandstone, aiid 
mixed with fragments of echini, claws of crabs, and 
shells; the oyster shells still adhering to the rock on 
which they grew. Numerous white balls appearing like 
pisoUtic concretions, from the size of a walnut to that of 
an apple, are embedded in this deposit ; they usually 
have a small pebble in their centres. Although so like 
concretions, a close examination convinced me that they 
were Nullipone, retaining their proper forms, but with 
their surfaces slightly abraded : these bodies (plants as 
they are now generally considered to be ) exhibit under a 
microscope of ordinary power, no traces of organisation 
in their internal structure. Mr. George E. Sowerby 
has been so good as to examine the shells which I col- 
lected : there are fomteen species in a sufficiently perfect 
condition for their characters to he made out with some 
degree of certainty, and four which can be referred only 
to their genera. Of the fourteen shells, of which a list 
is given in the Appendix, eleven are recent species ; one, 
though undescribed, is perhaps identical with a species 
which I found living in the harbour of Porto Praya ; 
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the two remaining species are unknown, and have been 
descril>ed by Mr. Sowerby. Until the shells of this 
Archipelago and of the neighbouring coasts are better 
known, it would be rash to assert that even these two 
latto shells arc extinct. The number of species which 
certainly l:>elong to existing kinds, although few in 
number, are sufficient to show that the deposit Ijelongs 
to a late tertiary period. From its mineralogical char- 
acter, from the number and size of the embedded 
fragments, and from tlie abundance of Patellaj, and 
other littoral shells, it is evident that the whole was 
accumulated in a shallow sea, near an ancient coast-line. 

Effects produced by the flouring of the sujjeHnm'iUr- 
beiU basaltic Uiva over the calcureom deposit. — These 
effects are very curious. The calcareous matter is altered 
to the depth of alout a foot Ijeneath the line of junction ; 
and a most perfect gradation can be traotni, from loosely 
aggregated, snnxll, particles of shells, corallines, and 
Nulliporre, into a rock, in which not a trace of mechan- 
ical origin can be discovered, even with a microscope. 
Where the metamorphic change liiis ]>een greatest^ two 
varieties occur. The first is a liard, compact, white, 
fine grained rock, striped with a few parallel lines of 
black volcanic particles, and resembling a sandstone, 
but wffiich, upon close examination, is seen to be crystal- 
lised throughout, witJi the cleavages so perfect that they 
can be readily measured by the reflecting goniometer. 
In specimens, where the change has been less complete, 
when moistened and examined under a strong lens, the 
most interesting gradation can be traced, some of the 
rounded particles retaining their proper forms, and others 
insensibly melting into the granulo-crystalline paste. 
The weathered surface of this stone, as is so frequently 
the case with ordinary limestones, assumes a baick-red 
eoloiu’* 
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The second metamorphosed variety is likewise a hard 
rock, but without any crystalline structure. It consists 
of a white, opaque, compact, calcareous stone, thickly 
mottled with rounded, though regular, spots of a soft, 
earthy, ochraceous substance. This earthy matter is of 
a pale yellowish-brown colour, and appears to be a mix- 
ture of carbonate of lime with iron ; it eflFervesces with 
acids, is infusible, but blackens under the blowpipe, and 
l>ecomes magnetic. The roundtxl form of the minute 
patches of earthy substance, and the steps in the progress 
of their perfect formation, which can be followed in a 
suit of specimens, cleai*]y show that they are due either 
to some power of aggregation in the eaiihy particles 
amongst themselves, or more proljably to a strong at- 
traction between the atoms of the carbonate of lime, 
and consequently to the segregation of the earthy ex- 
traneous matter, I was much interested l)y this fact, 
because I have often seen quartz rocks (for instance, in 
the Falkland Islands, and in the lower Silurian strata of 
the Stiper-stones in Shi’opshire), mottled in a precisely 
analogous manner, with little spots of a white, earthy 
substance (eai'thy feldspar?); and these rocks, there 
was good reason to suppose, had undergone the action of 
heat, — a view which thus receives confirmation. This 
spotted structure may possibly affoi'd some indication in 
distinguishing those formations of quart>z, which owe 
their present structure to igneous action, from thase pro- 
duced by the agency of water alone ; a source of doubt, 
which I should think from my own experience, that 
most geologists, when examining arenaceo-quartzose dis- 
tricts, must have expeiienced. 

The lowest and most scoriaceous pai*t of the lava, in 
rolling over the sedimentary deposit at the bottom of 
the sea, has caught up large quantities of calcareous 
matter, which now forms a snow-white, highly crystalline. 
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basis to a breccia, including small pieces of black, glossy 
scoriae* A little above this, where the lime is less abun- 
dant, and the lava more compact, numerous little balls, 
composed of spicula of calcareous spar, radiating from 
common centres, occupy the interstices. In one part of 
Quail Island, the lime has thus been crystallised by the 
heat of the superincumbent lava, where it is only 
thirteen feet in thickness ; nor had the la\'a been origi-, 
nally thicker, and since reduced by degi’jidation, as could 
be told from the degree of cellularity of its surface. I 
have already observed that the sea must have l)een 
shallow in which the calcareous deposit was accumulated. 
In this case, therefore, the carbonic acid . gas has been 
retained under a pressure, insignificant corapar(?d with 
that (a coliunn of water, 1708 feet in height) originally 
supposed by Sir James Hall to l>e recjuisite for this 
end : but since his expeadments, it has been discovered 
that preasxire has less to do with the retention of carbonic 
acid gas, than the nature of the circumjacent atmo- 
sphere ; and hence, as is stated to be the case by Mr. 
Faraday J masses of limestone are sometimes fused and 
crystallised even in common lime-kilns. Carbonate of 
lime c*an be beated to almost any degree, according to 
Faraday, in an atmosphere of carlxmic acid gas, without 
being decomposed; and Gay-Liissac found that frag- 
ments of limestone, placed in a tube and heated to a 
degree, not sufficient by itself to cause their decomposi- 
tion, yet immediately evolved their carbonic acid, when 
a stream of common air or steam was passed over tfeem : 
Gay-Lussac attributes this to the mechanical displace- 
ment of the nascent carbonic acid gas. The calcareous 

* I am miwh ijidel)ted Mr. E. W. Brajley in having given me the 
following references to papers on this subject : Faraday, in the * Edin- 
burgh New Philosophical Journal/ vol. xv. p. 898 ; Gay-Lussae, in 
* Annales de Chem. et Phys./ tom. Ixiii. p.219, translated in the ‘ London 
and Edinburgh Philosophical Magazine,^ vol. x. p. 496. 
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matter beneath the lava, and especially that forming the 
crystalline spicula between the interstices of the scoriae, 
although heated in an atmosphei-e probably composed 
chiefly of stefiin, could not have been subjected to the 
effects of a passing stream ; and hence it is, ]>erhaps, 
that they have retained their carbonic acid, under a 
small amount of pressure. 

The fragments of scoriae, embedded in the crystalline 
calcareous basis, are of a jet black colour, with a glossy 
fractime like pitchstone. Their surfaces, liowever, are 
coated wdth a layer of a reddish-orange, translucent 
substance, which can easily be scratched with a knife ; 
hence they appear as if overlaid i>y a thin layer of rosin. 
Some of the smaller fragments are j)artially changed 
throughout into this substance; a change which appears 
quite different from ordinaiy decomposition. At the 
Galapagos Archipelago (as will be described in a future 
chapter), great beds are formed of volcanic ashes and 
particles of scoriae, wdiich have undergone a closely 
similar change. 

27tc extent and horlzontalUy of the calcareous stra- 
txmu — The upper line of siuface of the calcareous stra- 
tum, wdiich is so conspicuous from being quite white and 
so nearly horizontal, ranges for miles along the coast, at 
the heiglit of about sixty feet above the sea. The sheet 
of basalt, by which it is capped, is on an average eighty 
feet in thickness. Westward of Porto Praya beyond 
Eed Hill, the white stratum with the superincumbent 
basalt is covered up by more recent streams. North- 
ward of Signal Post Hill, I could follow it with my 
eye, trending aw^ay for several miles along the sea cliffs. 
The distance thus observed is about seven miles ; but 
I cannot doubt from its regularity that it extends much 
farther. In some ravines at right angles to the coast, 
it is seen gently dipping towards the sea, probably with 
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the same incliDation as when deposited round the 
ancient shores of the island. X found only one inland 
section, namely, at the base of the liill marked A, where, 
at the height of some hundred feet, this bed was ex- 
posed ; it here rested on the usual compact aiigitic rock 
associated with wacke, and was covered by the wide- 
spread sheet of modern basaltic lava. Some exceptions 
occur to the 1 horizon tality of the white stratum : at 
Quail Island, its upper surface is only forty feet above 
the level of the sea ; here also the capping of lava is 
only between twelve and fifteen feet in tliicJ^ness ; on 
the other hand, at the NE. side of Porto Praya 
harbour, the calcareous stratum, as well as the rock on 
which it rests, attain a height above tlie average level : 
the inequality of level in these two cases is not, as I 
believe, owing to unequal elevation, but to original 
irregularities at the bottom of the sea. Of this fact, at 
Quail Island, there w^as clear evidence in the calcareous 
deposit being in one part of much greater than the 
average thickness, and in another part being entirely 
absent ; in this latter case, the modern basaltic lavas 
rested directly on those of more ancient origin. 

Under Signal Post Hill, the white stratum dips 
into the sea in a remarkable manner. This hill is 
conical, 450 feet in height, and retains some traces of 
having had a crateriform structure; it is composed 
chiefly of matter enipted posteriorly to the elevation of 
the great basaltic plain, but partly of lava of apparently 
submarine origin and of considerable antiquity.^ The 
surrounding plain, as well as the eastern flank of this 
hill, have been worn into steep precipices, overhanging 
the sea. In these precipices, the white calcareous 
stratum may be seen, at the height of about 70 feet 
above the beach, nmning for some miles lK)th north- 
ward and southward of the hill, in a line appearing to 
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be perfectly horizontal ; but for a space of a quarter of 
a mile directly under the hill, it dips into the sea and 
disappears. On the south side the dip is gi-adual, on 
the north side it is more abrupt, as is shown in the 
woodcut. As neither the calcareous stratum, nor the 
No. 2. 



SiaNlL POST HILL. 

A— Ancient volcanic rocics. B — (’alcaroous stratum. 

C— Upper basaltic luva. 


superincumbent basaltic lava (as far as the latter can 
be distinguished from the more modern ejections), 
appear to thicken as they dip, I infer that these strata 
were not originally accumulated in a trougli, the 
centre of whicli afterwards became a point of eruption ; 
hut that they have subsequently been disturbed and 
bent. We may suppose either that Signal Post Hill 
subsided after its elevation with the surrounding country, 
or that it never was uplifted to the same lieigbt with it. 
This latter seems to me ibe most probable alternative, 
for during the slow and equable elevation of this portion 
of tlie island, the subterranean motive power, from ex- 
pending part of its force in repeatedly erupting volcanic 
matter from beneath this point, would, it is likely, have 
less force to uplift it. Something of the same kind 
seems to have occurred near Eed Hill, for when tracing 
upwards the naked streams of lava from near Porto 
Praya towards the interior of the island, I was strongly 
induced to suspect, that since the lava had flowed, the 
slope of the land had been slightly modified, either by a 
small subsidence near Eed Hill, or by that portion of 
the plain having been uplifted to a less height daring 
the elevation of the whole area. 


> wn 
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The basaltic lava, mperiricumbent on the cal- 
careous deposit. — This lava is of a pale gray colour^ 
fiising into a black enanjel; its fracture is rather earthy 
and concretionary ; it contains olivine in small grains. 
The central parts of the mass are compact, or at most 
crenulated with a few minute cavities, and are often 
columnar. At Quail Island this structure was assumed 
in a striking manner; the lava in one part being 
di\dded into horizontal laminae, which became in another 
part split by vertical fissures into five-sided plates; and 
these again, being piled on each other, insensibly 
became soldered together, forming fine symmetrical 
coliunns. The lower surface of the lava is vesicular, 
but sometimes only to the thickness of a few inches ; 
the upper surface, whicli is likewise vesicular, is divided 
into balls, frequently as much as three feet in diameter, 
made up of concentric layers. The mass is composed of 
more than one stream ; its total thickness being, on an 
average, about eighty feet : the lower portion has cer- 
tainly flowed beneath the sea, and probably likewise the 
upper portion. The chief part of this lava has flowed 
from the central districts, between the hills marked 
A. B, C, &c. in the woodcut-map. The surface of the 
country, near the coast, is level and barren ; towards 
the interior, the land rises by successive terraces, of 
which foiu*, when viewed from a distance, could be 
distinctly counted. 

Volcanic ervptions subsequent to the elevation of 
ike coasfMnd; the ejected maUer associaUd udth etwthy 
linie. — These recent lavas have proceeded from those 
scattered, conical, reddish-coloiired hills, which rise 
abruptly from the plain-country near the coast, I 
ascended some of them, but will describe only one, 
namely, Red Sill, which may serve as a type of its class, 
and is remarkable in some especial respects. Its height 
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is about 600 feet ; it is composed of bright red, highly 
scoriaceous rock of a basaltic nature ; on one side of its 
summit there is a hollow, probably the last remnant of 
a crater. Several of the other hills of this class, judging 
from their external forms, are surmounted by much 
more perfect craters. When sailing along the coast, it 
was evident that a considerable body of lava had flowed 
from Red Hill, over a line of cliff about 1 20 feet in 
height, into the sea: this line of cliff is continuous 
with that forming tlie coast, and bounding the plain on 
both sides of this hill ; ilies€" streams, therefore, were 
erupted, after the formation of the coast-cliffs, from 
Red Hill, when it must have stood, as it now does, 
above the level of the sea. This c'niclusion accords 
with the highly scoriaceous condition of all tlie rock on 
it, appearing to be of subaerial forination ; and this is 
important, as there are some beds of calcareous matter 
near its summit, wliich might, at a liasty glance, have 
been mistaken for a sulimarine deposit. These beds 
consist of white, earthy, carbonate of lime, extremely 
friable so as to be crushed with the least, pressure ; the 
most compact specimens nut resisting the strength of 
the fingers. Some of the masses are as white as quick- 
lime, and appear absolutely pure ; but on examining 
them with a lens, minute particles of scorise can always 
be seen, and I could find n(uie wliich, when dissolved in 
acids, did not leave a residue of this nature. It is, 
moreover, difficult to find a particle of the lime which 
does not change colour under the blowpipe, most of 
them even becoming glazed. The scoriaceous frag- 
ments and the calcareous matter are associated in the 
most irregular manner, sometimes in obscure beds, but 
more generally as a confused breccia, the lime in some 
parts and the scorisB in others being most abundant. 
Sir H. He la Beche has been so kind as to have some of 
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the purest specimens analysed, with a view to discover, 
considering their volcanic origin, whether they con- 
tained much magnesia ; but only a small portion was 
found, such as is present in most limestones. 

Fragments of the scoriae embedded in the calcareous 
mass, when broken, exhibit many of their cells lined 
and partly filled with a white, delicate, excessively 
fragile, moss-like, or rather conferva-like, reticulation 
of carbonate of lime. These fibres, examined under a 
lens of one-tenth of an inch focal distance, appear 
cylindrical ; they are rather above the yctto 
in diameter ; they are either simply branched, or more 
commonly united into an irregular mass of net-work, 
with tbe meshes of very unequal sizes and of unequal 
numbers of sides. Some of the fibres are thickly 
covered with extremely miuute spicula, occasionally 
aggregated into little tufts ; and iience they have a 
liairy appearance* These spicula are of the same dia- 
meter throughout their length; they are easily defixched? 
so that the object-glass of the microscope soon becomes 
scattered over with them. Within the cells of many 
fragments of the scoria?, the lime exhibits this fibrous 
structure, but generally in a less perfect degree. These 
colls do not appear to be connected with one another. 
There can lx? no doubt, as will presently be shown, that 
the lime was erupted, mingled with the lava in its fluid 
state ; and therefore I have thought it worth while to 
describe minutely this curious fibrous structure, of which 
I know nothing analogous. From the earthy condition 
of the fibres, this stnicturc does not appear to he related 
to crystallisation. 

Other fragments of the scoriaceons rock from this 
hill, when broken, are often seen marked with short, and 
irregular white streaks, which are owing to a row of 
separate cells being partly, or quite, filled with white 
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calcareous powder. This structure immediately re- 
minded me of the appearance in badly kneaded dough, 
of balls and drawn-out streaks of flour, which have re- 
mained unmixed with the paste ; and I cannot doubt 
that small masses of the lime, in the same manner re- 
maining unmixed with the fluid lava, have been drawn 
out when tlie wdiole was in motion. I carefully ex- 
amined, by trituration and solution in acids, pieces of 
the 8coria3, takenfrom within half-an-inch of those cells 
which were filled with the calcareous powder, and they 
did not contain an atom of frcic lime. It is obvious 
that the lava and lime have on a large scale been very 
imperfectly mingled ; and where small portions of the 
lime have been entangled within a piece of the viscid 
lava, the cause of their now occupying, in the form of 
a powder or of a fibrous reticulation, the vesicular 
cavities, is, I think, evidently due to the confined gases 
having most readily expanded at the points where the 
incoherent lime rendered the lava less adliesive. 

A mile eastward of the town of Praya, there is 
a steep-sided gorge, about 150 yards in width, cutting 
through the basaltic plain and underlying beds, but 
since filled up by a stream of more modern lava. This 
lava is dark gray, and in most parts compact and nidely 
columnar; hut at a little distance from the coast, it 
includes in an irregxdar manner a brecciated mass of 
red scoriae mingled with a considerable quantity of 
white, friable, and in some parts, nearly pure earthy 
lime, like that ou the summit of Ked Hill. This lava, 
with its entangled lime, has certainly flowed in the 
form of a regular stream; and, judging from the shape 
of the gorge, towards which the drainage of the country 
(feeble though it now be) still is dkected, and from the 
appearance of the bed of loose water-worn blocks with 
their interstices unfilled, like those in the bed of a 
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torrent, on which the lava rests, we may conclude that 
the stream was of subaerial origin. I was unable to 
trace it to its source, but, from its direction, it seemed 
to have come from Signal Post Hill, distant one mile 
and a quarter, which, like Rod Hill, lias been a point 
of eruption subsequently to the elevation of the great 
basaltic plain. It accords with tins view, that I found 
on Signal Post Hill, a mass of earthy, calcareous matter 
of the same nature, mingled with scorijc. I may here 
observe that part of the calcareous matter forming the 
horizontal sedimentary bed, especially the finer matter 
with which the eml>edded fragments of rock are white- 
waslied, has probably been derived from similar volcanic 
eruptions, as well as from triturated organic remains : 
the underlying, ancient, crystalline rocks, also, are as- 
sociated with much carbonate of lime, filling amygda- 
loidal cavities, and forming irregular masses, the nature 
of which latter 1 was \mable to understand. 

Considering the abundance of earthy lime near the 
summit of Red Hill, a volcanic cone 6 OO feet in height, 
of subaerial growth, — considering the intimate manner 
in which minute particles and large masses of scorise 
are embedded in the masses of nearly pure lime, and 
on the other Ijand, the manner in which small kernels 
and streaks of tlie calcareous powder are included in 
solid pieces of the scoriie, — considering, also, the similar 
occurrence of lime and scoriae within a stream of lava, 
also supposed, with good reason, to have been of modern 
Bul^aerial origin, and to have flowed from a hill, wkere 
earthy lime also occurs: I think, considering these 
facts, there can be no doubt that the lime has been 
erupted, mingled with the molten lava. I am not 
aware that any similar case lias been described : it 
appears to me an interesting one, inasmuch as most 
geologists must have speculated on the probable 
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effects of a volcanic focus^ bursting through deep-seated 
beds of different mineralogical composition. The great 
abundance of free silex in the trachytes of some coun- 
tries (as described by Beudant in Hungary, and by 
P. Scrope in the Panza Islands), perhaps solves the en- 
quiry with respect to deep-seated beds of quartz ; and 
we probably here see it answered, where the vohjanic 
action has invaded subjacent masses of limestone. One 
is naturally led to conjecture in what stale the now 
earthy carbonate of lime (‘xisted, wlam ejected with the 
intensely heated lava : from the extreme eellularity of 
the scoriae on Ked Hill, the pressure cannot have been 
great, and as most volcanic eruptions are accompanied 
by the ennssion of large quantities of steam and other 
gases, we here have the most favourable conditions, 
according to the view? at present entertained by 
chemists, for the expulsion of the carbonic acidd Has 
the slow re-absorption of this gas, it may be asked, 
given to the lime in the cells of the lava, that peculiar 
fibrous structure, like that of an efflorescing salt ? 
Finally, I may remark on the great contrast in a]»pwir- 
ance between this earthy lime, wliicli must have been 
heated in a free atmosphere of steam and other gases, 
while the white, crystalline, calcareous spar, produced by 
a single thin sheet of lava (as at Quail Island) rolling over 
similar earthy lime and tlie debris of organic remains, 
at the bottom of a shallow sea. 

Signal Post Hill , — Tliis hill has already been 

* Whilst doej) henftath the siiifaec, Iho carbonate of lime was, I 
presume, in a fluid state, Hutton, it is kiu>wn. thought tbit all aniyg- 
daloids wore produced by drops (d* molten limestone floating in the 
trap, like oil in water: this no doubt is erroneous, but if the matUr 
forming the summit of Ked Uill had been cooled under tho prossur<3 ot 
a moderatelj deep sea, or within the walls of a dike, we slumld,*^^ all 
probability, have had ii trap rock associated with large masses of com- 
pact, ciy’-stallinc, calcareous spar, which, according to the vieu's enter- 
tained by many geologists, would have been wrongly attributed to sub- 
fiequent infiltration.' 
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several times mentioned, especially with reference to 
the remarkable manner in which the white calcareous 
stratum, in other parts so horizontal (Woodcut No. 2), 
dips under it into the sea. It is a broad summit, with 
obscure traces of a crateriform structure, and is com- 
posed of basaltic rocks, ^ some compact, others highly 
cellular, wdth inclined beds of loose scorijc, of which 
some are associated wdth earthy lime. Like Red Hill, 
it has been the source of eruptions, subsequently to the 
elevation of tlm surrounding basaltic plain ; but unlike 
that hill, it has imdergone considerable denudation, 
and lias been the seat of volcanic action at a remote 
period, wlien beneath the sea. I judge of this latter 
circumstance from finding on its inland flank the last 
remnants of three^ small points of eruption. These 
points are composed of glossy scoria', cemented by 
crystalline- calcareous spar, exactly like the great sub- 
marine calcareous d(q)OHit, where the heated lava has 
rolhnl over it : their demolished state can, I think, be 
explained only by the denmliug action of the weaves of 
tlu* sea. ’ I was guided to the lii-st orifice by observing 
a sheet of lava, about 200 yards sejuare, with steepish 
sides, superimposed on the basaltic plain, with no adjoin- 
ing hillock, whence it could have been erupted ; and 
the only trace of a crater which I was able to discover, 
consisted of some inclined l)eds of scorise at one of its 
corners. At the distance of fifty yards from a second 
level-topped patch of lava, but of miu^h smaller size, I 

> Of these, one common variety is remarkable for being fiill of small 
fragments of a dark jas}>er-red e^irrhy mineral, vliich, when examined 
carefully, shows an indistinct cleavage; the little fragments are elon- 
gated in form, are soft, are maguf tic before and after being heated, and 
fuse with difficulty into a dull enamel. This mineral is evidently 
cloBoly related to "the oxides of inju, but 1 cannot ascertain what it 
exactly U. The rock containing this inin'Tnl is crenulated with small 
angular cavities, which are lined and tilled with yellow isii crystals of 
carbonate of lime. 
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found an irregular circular group of masses of cement.ed, 
scoriaceous breccia, about six feet in height, which 
doubtless had once formed the point of eruption. The 
third orifice is now marked only by an irregular circle 
of cemented scorije, about four yards in diameter, and 
rising in its highest point scarcely tliree feet alx)ve the 
level of the plain, the surface of wliieli, close all round, 
exhibits its usual appearance : liere we liave a hori- 
zontal basal section of a volcanic spiracle, whicli, to- 
gether with all its ejected matter, has been almost 
totally obliterated. 

The stream of lava, which fills the narrow gorge' 
eastward of the town of Praya, judging from its eoui'se, 
seems, as before remarked, to have come from Signal 
Post Hill, and to have flowed over the plain, after its 
elevation : tlie same observation applies to a stream 
(possibly part of the same one) capj)ing the st^a clifls, a 
little eastward of the gorge. When I endeavoured to 
follow these streams over the stony level jlain, which is 
almost destitute of soil and vegetation, I was mtich 
surprised to find, that although cornposc'xl of liard 
basaltic matter, and not having been exposed to marine 
denudation, all distinct traces of them soon l>ecome 
utterly lost. But I Ijave since observed at the Gala- 
pagos Archipelago, that it is often impossible to follow 
even great deluges of quite recent lava across older 
streams, except by the size of the busluis growing on 
them, or by the comparative states of glossiness of their 
surfaces, — characters which a short lapse of time would 
be sufficient quite to obscure. 1 may lemark, that in a 
country, with a dry climate, and with the wind blowing 

* The sides of this goi^e, where the upper basaltic stratum is inter- 
sected, are almost perpendicular. The lava, which has since filled it 
up, is attached to these sides, almost as firmly as a dike is to its walls. 
In most cases, where a stream of lava has Sowed down a valley, it is 
bounded on each side by loose scoriaceous masses. 
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always in one direction (as at the Cape de Verde Archi- 
pelago), the effects of atmospheric degradation are pro- 
bably much greater than would at first be expeeted ; 
for soil ill this case accuimilates only in a few protected 
hollows, and being blown in one direction, it is always 
travelling towards the sea in the form of the finest dust, 
leaving the surface of tlie rocks liare, and expostnl to 
the full effects of renewed meteoric a(!tion. 

Itihmd (tf'iitore tvueienf colcttuio rochs . — These 
hills are laid down by eye, and marked as A, B, C, &c., 
in the woodcut-map. They are related in mineral ogi cal 
composition, and are probably directly continuous with 
the lowest rocks exposed on the coast. Tliese hills, 
viewiMl from a distance, ajjpear as if they had once 
formed part of an irregular tabhj-land, and fi'om their 
corresponding structure and composition this probably 
has been the cas(‘. They have flat, slightly inclined 
summits, and are, on an av(‘rage, a})Out 600 feet in 
height; they present their steepest slope towards the 
interior of the island, freon which point they radiate 
outwards, an<l are sejiaratcd from each other by liroad 
and deep n alleys, througli whicli the great streams of 
lavn, forming tljo coast-plains, have descended, Tlieir 
inner and ste^^pev escarpm(mts are ranged in an ir- 
rt^gular curve, which rudely follows the line of tlie shore, 
two or three miles inland from it. 1 ascended a few of 
these hills, and from others, Avhich I was aide to examine 
with a teles(*ope, 1 obtainod specimens, through the 
kindness of Mr. Kent, the assistant-surgeon 'of the 
^Beagle’; although by these means I am acquainted with 
only a part of the range, fivci or six miles in length, yet 
I scarcely hesitate, from their uniform structure, to 
affirm that they are parts of one great formation, stretch- 
ing round much of the circumference of the island. 

The upoer and lower strata of these hills differ 
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greatly in composition. The upper are basaltic, gener- 
ally compact, but sometimes scoriaceous and amygda- 
loidal, with associated masses of waeke : where the basalt 
is compact, it is either iine-grnined or very coarsely 
crystallised ; in the latter case it passes into an augitic 
rock, containing much olivine ; tlie olivine is either 
colourless, or of the usual yellow and dull reddish 
shades. On some of the hills, beds of calcareous matter, 
both in an earthy and in a crystalline form, including 
fragments of glossy scoriie, are associated with the 
basaltic strata. These strata differ from the stn^arns of 
basaltic lava forming the coast-plains, only in being 
more compact, and in the crystals of angite, and in the 
grains of olivine being of much greater size ; '—characters 
which, together with the appearance of the associated 
calcareous beds, induce me to believe tliat they are of 
submarine formation. 

Some considerable masses of waeke, which are 
associated with these basaltic strata, and which likewise 
occur in the basal series on the coast, especially at 
Quail Island, are curious. They consist of a pale 
yellowish-green argillaceous substance, of a crumbling 
texture when dry, but unctuous when moist : in its 
purest form, it is of a beautiful green tint, witli 
translucent edges, and occasiornilly with obscure traces 
of an original cleavage. Under the blowpipe it fuses 
very readily into a dark gray, and sometimes even black 
bead, which is slightly magnetic. From these char- 
acters, I naturally thought that it was one of the pale 
species, decomposed, of the genus augite ; — a conclusion 
supported by the unaltered rock being full of large 
separate crystals of black augite, and of balls and 
irregular streaks of dark gray augitic rock. As the 
basalt ordinarily consists of augite, and of olivine often 
tarnished and of a dull red colour, I was led to examine 
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the stages of decomposition of this latter mineral, and 
I found, to my surprise, that I could trace a nearly 
perfect gradation from unaltered olivine to the green 
wacke. Part of the same grain under the blowpipe 
would in some instances behave like olivine, its colour 
being only slightly changed, and part would give a 
black magnetic bead. Hence I can have no doubt that 
the greenish wacke originally existed as olivine; but 
great chemical changes must have bc^en effected during 
the act of decom|)osition thus to have altered a A^ery 
hard, transparent, infusible mineral, into a soft, unctu- 
ous, easily melted, argillaceous substance J 

Tho basal strata of these hills, as well as some 
neigh boining, separate, bare, rounded hillocks, consist 
of compact, tine-grained, non-crystalline (or so slightly 
as scarcely to be perceptible.) fVuTUginous feldspathic 
rocks, and generally in a state of semi-decomposition, 
liieir fracture is exceedingly irregular, and splintery ; 
yet small fragments are often very tougli. They 
contain much ferruginous matter, eitluT in the form of 
minute grains with a metallic lustre, or of brown liair- 
like threads: the rock in this latter case assuming a 
pseud o-breeci at ed structure. These rocks sometimes 
contain mica and veins of agate. Their rusty brown or 
yellowish colour is partly due to the oxides of iron, but 

^ D’Aubuisson, ‘TmiU cle Oeognosie’ (tom. ii. p. 569), on 

the authority of M. Marcel tie Serrus. masses of green earth near Mont- 
pellier, which Mi’o siipiK>Ked to be duo to the decomposition of olivine. 
I do not, howrver, find, that the action of this mineral under the blow- 
pipe being entirely altered, as it becomes decomposea, has been 
noticed ; ami the knowlwlge of this fact is important, as at first it ap- 
pears highly improbable that a hard, transparimt, refractory mineral 
should l^e changed into a soft, easily-fusetl, clay, like this of St. Jago. 
I shall hereafter deseribo a green substance, forming threads within the 
cells of some vc.sieuhir basaltic rocks in Van DiemcH’s Land, which be- 
have under the blowpipe like the green wacke of St. Jago; but its 
occurrence in cylindrical threads, shows it can not have resulted from 
the dwromposition of olivine, a niinerjxl always existing in the fortn of 
grains or crystals. 
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chiefly to innumerable, microscopically rninutc, black 
specks, which, when a fragment is heated, are easily 
fused, and evidently are either hornblende or aiigite. 
These rocks, therefore, although at first ap})earing like 
baked clay or some altered sedimentary deposit, (‘oiiUiin 
all the essential ingredients of trae])yte ; from wliich 
they difier only in not being harsh, and in not con- 
taining ciwstals of glassy feldspar. As is so often 
the case with trachytic formation, no stratification is 
liere apparent. A jierson would not readily belie\ that 
these rocks could have fIow(’d as hu a. ; yet at. St. Helena 
there are well characterised streams (as will be described 
in an ensuing chapter) of lu^arly similar composition. 
Amidst the hillocks compos(‘d of tliese rocks, I found in 
three places, smooth conical hills of plionolite, abound- 
ing witli fine crystals of glassy feldspar, and with needles 
of hornblende. These cones of phonolite, I believe, 
bear the same relation to the surrounding ftddspathic 
strata which some masses of coarsely crystallist^d augitic 
rock, in another part of the island, bear to tlK‘ surround- 
ing basalt, namely, that botli have been injected, Tlie 
rocks of a feldspathic nature being anterior in origin to 
the basaltic strata, which cap them, as well as to the 
basaltic streams of the coast-plains, accords with the 
usual order of succession of these two grand divisions of 
the volcanic series. 

The strata of most of these hills in the upper part, 
where alone the planes of division are distinguishable, 
are inclined at a small angle from the interior of tlie 
island towards the sea-coast. The inclination is not 
the same in each hill ; in that marked A it is less tljan 
in B, D, or E ; in C the strata are scarcely deflects 
from a horizontal plane, and in F (as far as I could 
judge without ascending it) they are slightly inclined 
in a reverse direction, that is, inwards and towards the 
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centre of the island* Notwithstanding these difterences 
of inclination, their correspondence in external form, 
and in rlie composition both of tlieir upper and lower 
parts, — their relative position in one curved line, with 
their steepest sides turned inwards, — all seem to show 
that tliey originally formed parts of one platform ; 
which platform, as b(^fore remarked, probably extended 
round a considerable portion of the circumference of 
the island. The uj)})er strata certainly flowed as la\'a, 
and probably beneath the sea, as per]ia])s did the lower 
feldfepathic masses : how then come these strata to hold 
tlieir present, position, and wluuice weie they erupted ? 

In the ctaitre of tlie island ' there are lofty moun- 
tains, but they are separat(‘d from the steep inland 
Hanks of these hills by a wide space of lower country ; 
tlie interior mountains, mon^over, seem to have been 
the source of tliose great streams of basaltic lava whieli, 
contracting as they pass between the bases of tlie hills 
ill ([uestion, expand into the coast-plains. Ibnind the 
shores of St. Helena there is a rudely-formed ring of 
basaltic rocks, and at Mauritius there are remnants of 
another such a ring round part, if not round the whole, 
of the island ; here again the same question immediately 
occurs, how come these masses to hold their present 
position, and whence were they erupted ? The same 
answer, whatever ii may be, probably applies in these 
three cases ; and in a future chapter wa-* shall recur to 
this subject. 

Valleys near the coast . — These are broad, ^%^y flat, 

* I saw very little of the inland parts of the ishind. Near the 
vilhii 4 e of 8t. Itoinina[o, there an* nm^oiitieonn cliffs of ruther coarsely 
crystallised basaltic lava, Followin#» the little stream in this valley, 
about a mila above the village, the base of the groat cliff' W'us formed of 
a compact fine-grained basalt, coni' »rinal)ly covered by a bed of jHibbles. 
Near i'licntes, 1 met with pap-lbriucd hills of the compact feldsimthio 
series of rocks. 
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and generally bounded low eliff-formed sides. -Por- 
tions of the basaltic plain are sometimes nearly or quite 
isolated by them ; of which fact, the place on which 
the town of Praya stands offers an instance. The great 
valley west of the town has its bottom tilled up to a 
depth of more than twenty feet by well-rounded pebbles, 
which in some parts are firmly cemented togetlier by 
white calcareous matter. Tlu're can be no doubt, from 
the form of these valleys, that tl)ey were scooped out by 
the waves of the sea, during that equabh* ele-vation of 
tlie land, of which the horizontal calcareous d(‘])osit, 
with its existing syK'cies of marine remains, givt's evi- 
dence. Considering how well shells have been preserved 
in this stratum, it is singular that I could n(>t find even a 
single small fragment of shell in the conghunemte at 
the bottom of tl)e valleys. The bed of pt bldes in the 
valley west of the town is intersected by a second valley 
joining it as a tributary, ])ut even tliis valley appears 
much too wide and flat-bottomed to have boon formed 
by the small quantity of water, which falls only during 
one short wet season ; for at other times of the year 
these valliws are abs<.>lntely diy. 

lieceat (xnvjhnucvn.ic ,, — On the sliores of tjnail 
Island, I found fragimuits of brick, bolts of iron, 
pebbles, and large fragments of basalt, unit(Mi by a 
Sf!anty base of impure calcareous matter into a firm 
conglomerate. To show how exceedingly firm this recent 
conglomerate is, 1 may mention, that 1 endeavoured 
with a heavy geological hammer to knock out a thick 
bolt of iron, wliich was embedded a little above low- 
water mark, but was quite unable to succeed. 
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with St, Jago. ,St. pAri/s Rocks — JSiof of volcanic origiii — their sin~ 
gal or mmeralogical cota posit ion. 


Fertian(l() Noronha . — During our short visit at this 
and the four following islands, I ohsorvod very little 
worthy of descri])tion. Fernando Noronha is situated 
in the Atlantic Ocean, in lat. S'" 50' 8., and 230 miles 
distant from the coast of South America. It consists 
of several islets, together nine miles in length by three 
in breadth. The whole seems to be of volcanic origin ; 
although there is no a])pearance of any crater, or of any 
one central eminence. The most remarkable feature 
is a hill 1,000 feet high, of wliicli the upper 400 feet 
consist of a precipitous, singidarly shaped pinnacle, 
formed of columnar phonolite, containing numerous 
crystals of ghissy feldspar, and a few needl(\s of horn- 
blende. From the highest- accessible point of this liill, 
I could distinguish in different parts of the grouj) 
several other conical hills, apparently of the same nature. 
At St. ^lelena there are similar, great, conical, protu- 
berant masses of phonolite, nearly 1,000 feet in height, 
which have been formed by the injection of fluid feld- 
spathic lava into yielding strata. If this hill has had, 
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as isprobible, a similar origin, denudation has }>oeii here 
effected on an enormous scale. Near the base of this 
hill, I observed k^ds of white tuff, intersected by 
numerous dikes, some of amygdaloidal basalt and 
others of trachyte : and beds of slaty plionolite with 
the planes of cleavage directed NW. and Parts 

of this rock, where the crystals were scanty, closely rt^ 
sembled common clay-slate, altered by th(‘ (‘ontact of a 
trap-dike. The lamination of rocks, which undouhtedly 
liave once bc^eu fluid, appears to me a subject well deserv- 
ing attention. On the beach there were numerous frag- 
ments of compact basalt, of wiiioli rock a distant tiK;ade 
of columns seemed to be formed. 

Tcvcdra hiihe. Azov(is . — The central parts of this 
island consist of irregularly rounded mountains of no 
great elevation, composed of trachyte, wliich closcdy 
resemldes in general character the trachjde of Asccusioii, 
presently to l>e described. This formation is in many 
parts overlaid, in the usual order of suY>erposition, hy 
streams of l)asaltic lava, which near tlie coast compose 
nearly the whole suiface. The coui>e which these 
streams have followed from their craters, can often be 
followed ))y t]»e eye. The town of Angra is overl(X)k(*d 
V>y a crateriform hill (Mount Brazil), entirely built of 
thin strata of tine-grained, harsh, brown-coloured tutf. 
The upper kids are s<Hm to overlap the basaltic streams 
on which the town stands. This hill is almost iden- 
tical in structure and composition with numerous crater- 
formed hills in tlui Galapagos Archipelago. 

Effects of steam on the trachytic rocks , — In the 
central part of the island there is a spot, where steam 
is constantly issuing in jets from the l)ottom of a small 
ravine-like hollow, which has no exit, and which abuts 
against a range of trachytic mountains. The steam is 
emitted from several irregular fissures : it is scentless. 
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8tx>n bla(*keiis iron, aiid is of much too high temperature 
to he endured by the hand. The manner in whicli the 
solid trachyte is changed on the ]>orders of these orifices 
is curious : first, the base becomes earthy, with red 
freckles evidently due to the oxidation of particles of 
iron ; tlien it becomes soft; and lastly, even the crystals 
of glassy feldspar yield to the dissolving agent. After 
the mass is converted into clay, ihe oxide of iron seems 
to i>e entirely removed from some parts, which ari* left 
})eifectly %hite, whilst in other neighboiuiug parts, 
whi<*h are of the brighest red colour, it seems to be 
depositt^d in greater quantity; some other masses are 
marbled with the two distinct coloiu's. Portions of the 
white clay, now that they are dry, cannot be distingnislied 
by the eye from the finest prepared chalk ; and when 
placed between the teeth they feel equally soft-grained ; 
the iiihahitants use this substance for white-washinir 
their houses. The cause of the iron being dissolved in 
one part, and close by being again deposited, is obscure; 
but the fact has been observed in several other places.* 
In some half-d(jcayed specimens, I found small, globular, 
aggregations of y^dlow hyalite, resembling gum-arabic, 
which no doul)t had heeii deposited by the steam. 

As there is no escape for the ]uin-water, which 
trickles down the sides of the ravine-like hollow, whence 
the stt!am issues, it must all percolate downwards 
through the fissures at its bottom. Some of the in- 
habitants informed me that it was on record that 
flames (some luminous appearance?) had originally 
proceeded from these cracks, and that the flames had 

* SpallansMUii, Dolomiou and Hoffman have described similar cases 
in the Italian volcanic islands. Holomieu says the iron at the Panza 
Islands is redepositcKl in the form of veins (p. 86. ^ Al^moire sur les Isles 
Ponces These autliors likewise believe that the steam deposits silica : 
it is now experimentally known that vapour of a high temperature is 
able to dissolve silica. 
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been succeeded by the steam ; but I was not able to 
ascertain how long this was ago, or anything certain on 
the subject. When viewing the spot, 1 imagined that 
the injection of a large mass of rock, like the cone of 
phonolite at Fernando Noronli a, in a semi-fluid state, by 
arching the surface might have caused a wedge-shaped 
hollow with cracks at the bottom, and that Ihc rain- 
water percolating to the neighbourhood of tlie heated 
mass, would during many succeeding years be driven 
back in the form of steam. 

Tahiti iOUiheite ), — 1 visited only a part of the 
north-western side of this island, and this part is en- 
tirely composed of voicanic rocks. Near tlie coast there 
are several varieties of basalt, some abounding with 
large crystals of augite and tarnislied olitine, others 
compact aTid earthy, — somt; slightly vesicular, and 
others occasionally amygdaloidal, Tlicse rocks are 
generally much decomposed, and to my surprise, I found 
in several sections that it was impossible to distinguisli, 
even approximately, the line of separation between the 
decayed laaa and the alternating beds of iuft‘. Since 
the specimens have become dry, it is rather more easy 
to distinguish llie decomposed igneous rocks from tlie 
sedimentary tuifs. This gradation in character be- 
tween rocks having such widely different origins, may 1 
think be explained by the yielding under pressure of 
the softened sides of the vesicular cavities, wliich in 
many volcanic rocks occupy a large proportion of their 
bulk. As the vesicles generally increase iii size and 
number in the upper parts of a stream of lava, so would 
the C3flrects of their compression increase; the yielding, 
moreover, of each lower vesicle must tend to disturb all 
the softened matter above it. Hence we might expect 
to trace a perfect gradation from an unaltered crystal- 
line rock to one in which all the particles (although 
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originally forming part of the mine solid mass) had 
undergone ineehanical displacement ; and such particles 
could hardly he distinguished from others of similar 
com|K)sition, which had been deposih^l as sediment. 
As lavas are sometiiiuis laminated in their upper parts, 
even horizontal lines, appearing like tliose of aqueous 
deposition, could not in all cases be relied on as a 
criterion of sedimentary origin. Froni these considera- 
tions it is not surprising that formerly many geologists 
believed in real transitions from aqueous deposits, 
through wacke, into igneous traps. 

In the valley of I’ia-auru, the commonest rocks are 
basalts witli much olivine, and in some cases almost 
composed of large crystals of augite. 1 picked up some 
specimens, with much glassy feldspar, approaching in 
character to trachyte. There were also many large 
blocks of vesicular basalt, with the cavities beautifully 
lined with chabasie (?), and radiating bundles of meso- 
type. Some of these sj)ecirnens presented a curious 
appearance, owing to a number of the vesicles being 
half filled up with a white, soft, earthy mesotypic 
mineral, whicli intumesced under the blowpipe in 
a remarkable niamier. As the upper surfaces in all 
the half-filled cells are exactly parallel, it is evident 
that this substance has sunk to the bottom of each cell 
from its weight. Sometimes, however, it entirely fills 
the cells. Other cells arc either quite filled, or lined, 
with small crystals, appareidly of clialtasic* ; tliese 
crystals, also, frequently line tlie upper Ijalf of the cells 
partly filled with the earthy mineral, as weM an the 
upper surface of this substance itself, in which case the 
two minerals appear tt) blend into each other. I have 
never seen any other amygdaloid ' with the cells half 

* MacCulloch, bowever, bns dcRcribpd and given a plate of(*( 
Tranti./ Ist Series, vol. iv, p. 22b) a trap rock, with cavities up 
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filled in tlie manner here described ; and it is difficult 
to imagine the causes which determined the earthy 
mineral to sink from its gravity to the l)ottoin of the 
cells, and the crystalline mineral to adhere in a coating 
of equal iluckness round tlic sides of the cells. 

Tlie basaltic strata on the sides of the valley are 
gently inclined seaward, and I nowliere observed any 
sign of disturbance ; the strata are se])arated from each 
other by thick, com jiact beds of conglomerate, in which 
the fi’agments are large, some being rounded, but most 
angular. From the cliaracter of these beds, from the 
compact and crystalline condition of most of the lavas, 
and from the nature of the infiltrated minerals, I was 
led to conjecture that they had originally flowed beneath 
the sea. This conclusion agrees with tlie fact that the 
Rev. W. Ellis found marine remains at a considerable 
height, which he beli('ves were interstratified with 
volcanic matter ; as is likewise descril>e(l to be the case 
by Messrs. Tyerman and Bennett at Hnaheine, an island 
in this same archipelago. Mr. Btutchbury also dis- 
covered near the summit of one of the loftiest moun- 
tains of Tahiti, at the height of several thousand feet, 
a stratum of semi-fossil coral. None of these remains 
have been specifically examined. On the coast, where 
masses of coral rock would have afforded the clearest evi- 
dence, I looked in vain for any signs of recent elevation. 
For references to the above authorities, and for more 
detailed reasons for not believing that Tahiti has been 
recently elevated, I must refer to my volume on the 
^ Structure and Distribution of Coral Reefs ’ (p. 138 of 
the Ist edit., or p. 182 of the 2nd edit,). 

horizontally with quartz and chalcedony. Tlie upper halves of these 
cavities are often filled by layers, which follow eacii irregularity of tlie 
surface, and by little depending stalactites of the same siliceous sub- 
stances. 
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Mauritius, — Approaching this island on the 
northern or north-western side, a curved chain of bold 
mountains, surmounted by rugged pinnacles, is seen to 
rise from a smootli border of cultivated land, which 
gently slopes down to the coast. At the first glance, 
one is tcrn]jted to believe that the sea lately reached 
the 1)ase of these mountains, and upon examination, 
this view, at least with respect to the inferior parts of 
the ))order, is found to be perfectly correct. Several 
authors ^ have descri]>ed masses of upraised coral rock 
round tlie greater ]Kirt of the circnmference of the 
island. Ilotween Tamarin Eay and the Great Black 
Biver 1 observed, in company witli Capt. Lloyd, two 
hillocks of coral rock, formed in their lower part of 
hard calcareotis sandstone, and in their u[>})er of great 
blocks, slightly aggregated, of Astrtea and Madrepora, 
and of fragments of basalt; they were divided into beds 
dipping seaward, in one case at an angle of 8^, and in 
the other i\t 18“; they had a water-worn appearance, 
and they rose abruptly from a smooth smface, strewed 
with rolled debris of organic remains, to a height of 
about twenty feet. The Officier du Koi, in his most 
interesting tour in 1768 round the isLaud, has described 
masses of uprais(.*d coral rocks, still retaining that moat- 
like structure (see '•Coral Beefs,’ 2nd edit. p. 69) 
which is characteristic of the living reefs. On the 
coast northw'ard of Port Louis, I found the lava con- 
cealed for a considerable space inland by a conglo- 
merate of corals and sliells, like those on the 1)each, 
but in parts consolidated by red ferruginous matter. 

* Ciiplain CariTiichiit^U in Hooker’s • Bot. Misc/ vul. ii. p. 301. Cap- 
bun Lloyd has lately, in the ‘ Proceed iujijs of the Geological S(x;icty’ 
(vol. iii. p. 317), described carefully st*ine of these masses, In Iho 
‘Voyage a UmIc dc France, par un Ofticior du Koi/ many interesting 
facts are given f>n this wubjfcl. Consult also ‘ Voyage aux Quutro Isles 
d’Afrique, par M. Bory fcit. Vincent.’ 
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M. Bory St. Vincent has described similar calcareous beds 
over nearly the whole of the plain of Pamplemousses. 
Near Poi't Louis, when turning over some large stones, 
which lay in the bed of a stream at the head of a pro- 
tected creek, and at the height of some yards above the 
level of spring tides, I found several shells of ser])nla 
still adhering to their under sides. 

The jagged mountains near Port Louis rise to a 
height of between 2,000 and .3,000 ff‘et ; they consist 
of strata of basalt, obscurely separated from c^ach other 
by firmly aggregated beds of fragmentary matter; and 
they are intersected by a few vertical dikes. The 
basalt in some parts abounds with large crystals of 
augite and olivine, and is generally compact. The 
interior of the island forms a plain, raised probably 
about a thousand feet above the level of the sea, and 
composed of strc'ams of lava which have flowed round 
and between the rugged basaltic mountains. These 
more recent lavas are also basaltic, but less compact, 
and some of tljem abound with feldspar, so that they 
even fuse into a pale coloured glass. On the banks of 
the Oreat Kiver, a section is exposed nearly 500 feet 
deep, worn through numerous tliin sheets of the lava of 
this series, which are separated from eacli other by l)eds 
of scoriae. They seem to have been of subaerial forma- 
tion, and- to have flowed from several points of eruption 
on the central platform, of which the Piton du Milieu 
is said to be the principal one. There are also several 
volcanic cones, apparently of this modem period, round 
the circumference of the island, especially at the 
noiihern end, where they form separate islets. 

The mountains composed of the more compact and 
crystalline basalt, form the main skeleton of the island. 
M. Bailly ‘ states that they all ‘ se dcweloppent auteur 

* ♦ Voyage aux Teires Anstrales/ tom. i. p. 54. 
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d’elle comine une ceintnre d’immenses remparts, tontes 
affectant une pentc plus on moins inclinee vers le riva,ge 
de la mer ; tandis, an contraire, que vers le centre de 
File dies presentent uno coupe abrupte, et sonvent 
taillee a pic. Toutes ces montagnes soni formees de 
couches paralldes iiiclinees du centre de File vers la 
mer.’ Tln^se stixtemfuits have \m\n disjnited, though 
not ill d(?tail, by M. Quoy, in the voyage of Fj-eycinet. 
As far as iny limited means of observation went, I 
found them perfectly correct.^ The mountains on the 
NW. side of the island, which 1 examined, namely. La 
Pouce, Peter Potts, Corps de Garde, IjCs Mamelles, 
and apparently another farther southward, have pref- 
cisely the external sliape and stratification described by 
M. Bailly, They form aboJit a ipiartt^r ot' bis girdle of 
ramparts, Althougb these imuintains now stand quite 
detached, Ixdng sc'paraied from each olher by breaches, 
even several miles in width, tlirough which deluges of 
lava have flowed from tlic interior of the island; never- 
theless, seeing tludr close gvneral similarity, one must 
feel com i need that they originally formed parts of one 
continuous mass. Judging from the beautiful map of 
the Mauritius, published by the Admiralty from a 
French MS., tliere is a range of mountains (M. Bamboo) 
on the opposite side of the island, which corres|K>nd in 
height, relative position, and external form, with those 
just described. Whether the girdle was ever complete 
may well be doubted; but from Bailly’s statements, 
and my own observati(»us, it may be safely concluded that 
mountains with precipitous inland flanks, and composed 
of strata dipping outwards, once extended round a con- 
siderable portion of the circumference of the island. 
The ring appetirs to have been oval and of vast size; its 

^ ’ M. in his account of this island, in the rojage of the ‘ Co* 

qnille,’ Beoms to follow M. liailly’s xdtjws. 
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shorter axis, measured across from the inner sides of 
the mountains near Port Louis and those near Grand 
Port, being no less than tliirceen geographical miles in 
length. M. Bailly baldly supposcis tJiat this enormous 
gulf, which has since been filled up to a great extent 
by streams of mod(?rn lava, was formed by the sinking 
in of the whole upper part of one great volcano. 

It is singular in liow many respects those portions 
of Si.. Jago and of Mauritius whicli I visitcjd agree in 
their geological history. At both islands, mountains 
of similar external form, strati li cat ion, and (at least in 
their upper beds) composition, follow in a cur\'ed chain 
the coast-line. These mountains in eacli case appear 
originally to have formed parts of on(> continuous mass. 
The basaltic strata of wliich tliey are composeti, from 
tlieir compact and crystalline structure, se(‘rn, when 
contrasted with tlic neighbouring basaltic streams of 
suliaerial formation, to have flowed beneath tlie^ pressure 
(»f tdie sea, and to have }>e(‘n suWquently elevated. 
Wc may suppose tliat tlie wide breaches between the 
mountains were in both cases worn by tlie waves, 
during their gradual elevation — of which procc'ss, within 
recent times, there is abundant evidence on the coast- 
land of both islands. At both, vast sti’earns of more 
recent basaltic lavas have flowed from tlie ]nterii>r of 
the island, round and between the ancient basaltic hills; 
at both,moreover, recent cones of eruption are scattenni 
around the circumference of the island ; but at neither 
have eruptions taken place within the period of history. 
As remarked in llie last chapter, it is probable that 
these ancient basaltic mountains, which resemble (at 
least in many respects) the basal and disturbed remnants 
of two gigantic volcanos, owe their present form, struc- 
ture, and position, to the action of similar causes. 

St* P util s RocliS * — 1 his small island is situated in 
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the Atlantic Ocean, nearly one degree north of the 
equator, and 540 miles distant from South America, in 
29® 15' west longitude. Its highest point is scarcely 
fifty feet above the level of tlie sea; its outline is 
irregular, and its entire circuiriference barely three- 
quarters of a mile. This little point of rock rises 
abruptly out of the ocean : and, except on its western 
side, soundings were not obtained, even at the short 
distance of a quarttu* of a mile from its shore. It is 
not of volcanic origin ; and this circumstance, which is 
the most remarkable point in its history (as will here- 
after be referred to ), properly ought to exclude it from 
the present volume. It is composed of rocks, unlike 
any w'hicli I have met with, and which I cannot charac- 
terise by any name, and must therefore describe. 

The simplest, and one of tlie most abundant kinds, 
is a very compact, heavy, greenish-black roc^k, having 
an angular, irregular fracture, witli some points just 
hard enough to scratch glass, and infusible. I'his 
variety passes into others of paler green tints, less hard, 
but with a more cystalline fracture, and translucent on 
their edges; and these are fusible into a green enamel. 
Sev(.*ral other varieties are chiefly characterised by 
containing innumerable threads of dark-green serpen- 
tine, and by having calcareous matter in their inter- 
stices. These rocks have an obscure, concretionary 
structure, and are full of variously-coloured angular 
pseudo fragments. These angular pseudo fragments 
consist of the tirst-deseribed dark green rock, of a brown 
softer kind, of serpentine, and of a yellowish harsh stone, 
which, perhaps, is related to serpentine rock. There 
are other vesicular, calcareo-ferruginous, soft stones. 
There is no distinct stratification, but parts ai’e imper- 
fectly laminated ; and the whole al>ounds with innu- 
merable veins, and vein-like masses, both small and 
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large. Of these vein-like masses, some calcareous ones, 
which contain minute fragments of shells, are clearly 
of subsequent origin to the others. 

A glossy incrustation. — Extensive^ portions of these 
rocks are coated by a layer of a glossy polished sub- 
stance, witli a pearly lustre and of a grayish white 
colour ; it follows all the inerpialities of tlie surface, to 
which it is firmly attached. Wlien examined with a 
lens, it is found to consist of numerous exceedingly thin 
layers, their aggi’egate thickness being about the tenth 
of an inch. It is considerably harder tluin calcareous 
spar, but can be scratched with a knife ; under the 
blowpipe it scales olf, decrepitates, slightly blackens, 
emits a fetid odour, and becomes strongly alkaline : it 
does not effervesce in acids. ‘ I presume this substance 
luis l>een deposited by water draining from the birds' 
dung, with which the roc^ks are covered. At Ascension, 
near a cavity in the rocks wluch was filled with a 
laminated mass of infiltrabd birds’ dung, 1 found some 
irregularly-formed, stalactitical masses of apparently 
the same nature. These masses, when broken, bad aik 
earthy texture ; but on tlieix outsides, and esj>eeially at 
their extremities, they were formed of a pearly sub- 
stance, generally in little glubnlcs, like t])e enamel of 
teeth, but more transhic(mi, and so hard as just to 
scratch plate-glass. This substaiicti slightly blackens 
under the blowpipe, emits a bad snndl, then l>ecomes 
quite white, swelling a little, and fuses into a dull white 
enamel; it does not become alkaline; nor does it 
effervesce in acids. The whole mass had a collapsed 
app(^arance, as if in the formation of the hard glossy 
crust the whole had shrunk much. At the Abrolboa 
Islands on the coast of Brazil, where also there is much 

» In my Journal I have described thb substance ; I then believed 
that it was an impure phosphate of lime. 
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birds’ dung, I found a great quantity of a brown, 
arborescent substance adhering to some trap-rock. In 
its arborescent form, this substance singularly resembles 
some of the branclied species of Nullipora. Under the 
blowpipe, it behaves like the specimens from Ascension ; 
but it is less hard and glossy, and the surfiice has not 
the shrunk appearance. 
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CHAPTER III. 

ASCENSION. 

BaJ^al tic lavas — Nuaarous craivrs trmiCMied on ihe samr^ siJ( —SiiHunlor 
structure of volcanic hmihs— Aeriform (Xplosions -KJiCttd prunllic 
fragments — Trachtjiir rocks — Singular veins — Jasper, its maaner of 
formation — Concretion'^ in jmnnecoiis iuff—Calcar(ous dipoi^its and 
frondescent inernstations on the coast- Rcmarkaidr Uuninated beds, 
alUr'natwg with, and j^jassiug into obsidian ■'Origin of obsidian — 
Lamination (f volcanic rocks. 

This island is situated in the Atlantic Ocean, in lat. 8® 
S., long. 14° W. It lias tlie form of an irregular triangle 
(see accompanying Map), each side being about six 
miles in length. Its highest point is 2,870 feet ^ above 
the level of the sea. The whole is volcanic, and, from 
the absence of proofs to the contrary, I believe of sub- 
amal origin. The fundamental rock is everywliere of 
a pale colour, generally compact, and of a feldspathic 
nature. In the SE. portion of the island, where the 
highest land is situated, w^ell characterised trachyte, 
and other congenerous rocks of that varying family, 
occur. Nearly the entire circumference is covered up 
by black and nigged streams of basaltic lava, with liere 
and there a hill or single point of rock (one of which 
near the sea-coast, north of tlie Fori, is only two or 
three yards across) of the trachyte still remaining 
exposed. 

Basaltic rocks. — The overlying basaltic lava is in 
* ‘ Geographical Journal,’ vol. v, p, 243 . 
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some parts extremely vesicular, in others little so : it is 
of a black colour, but sometimes contains crystals of 
glassy feldspar, and seldom much olivine. These 
streams appear to have possessed singularly little 
fluidity ; their side walls and lower ends being very 
steep, and even as much as between twenty or thirty 
feet in height. Their surface is extraordinarily rugged, 
and from a sliort distance appeai^s if studded witli 
small craters. These projections consist of broad, 
irregularly conical, hillocks, traversed by fissures, and 
composed of the same inuMpially scoriaceous basalt with 
the surrounding streams, but having an obs(*urf^ ten- 
dency to a columnar structure; they rise to a height 
between ten and thirty feet above tlie general surface, 
and have been formed, as I presume, by the lieaping up 
of tjie viscid lava at points of greater resistance. At 
the base of several of these hillocks, and occasionally 
likewise on more level parts, solid ribs, composed of 
atigulo-globular masses of basalt, resembling in siz(‘ 
and outline arched sewers or gutters of brickwork, but 
not being hollow, project between two or three feet 
above the surface of the streams ; wdiat their origin 
may have been, I do not know. Many of the super- 
ficial fragments from these basaltic streams present 
singularly convoluted forms ; and some specimens could 
hardly be distinguished from logs of dark-coloured wood 
without their bark. 

Many of the'* basaltic streams can be traced, either 
to points of eruption at the base of the great central 
mass of trachyte, or to separate, conical, red-coloured 
hills, which are scattered over the northern and western 
borders of the island. Standing on the central eminence, 
I counted between twenty and thirty of these cones of 
eruption* The greater number of them had their trun- 
cated summits cut off obliquely, and they all sloped 
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towards the SE., whence the trade-wind blows.* Tlds 
structure no doubt has been caused by the ejected 
fragments and ashes being always blown, during erup- 
tions, in greater quantity towards one side than towards 
the other. M. Moreau de Jonnes has made a similar 
observation witli respect to tlie volcanic orihces in the 
West Indian Islands. 

Yidciintc bombs, — Tl}ese occur in great numljers 
strewed on the ground, and some of them lie at con- 
siderable distances from any ])oiiits of eruption. They 
vary in size from lliat of an apple to that of a man's 


No. a. 



Frajnntjnt of a fiphf'rical volcanic bomb, A»ith the int^^rior part^ coarsclv cv^llnhir 
by a concentric la>er oi compact lava, mid this again by a crust of ftoeJy 
cellular rock. 

body ; they are either spherical or pear-shaped, or with 
the hinder part (c orresponding to the tail of a comet) 

' M. LesHon, in the ‘Zfxjlogy of the Voyage of the “CtjquiUe"’ (p. 490) 
has obserred this fact. Mr. Henaith (* Geolo/:^. Proceedings/ 1836, p. 189) 
further remarks that the most extensive b(Kls of ashes at iV scansion 
invariably occur on the leeward side of the island. 
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irregular, studded with projecting points, and even 
concave. Their surfaces ai’e rough, and fissured with 
branching cracks ; their internal structure is either 
irregularly scoriaceous and compact, or it presents a 
symmetrical and very curious appearance. An irregular 
segment of a bomb of this latter kind, of which I 
found several, is accurately represented in the accom- 
panying woodcut. Its size a as about that of a man’s 
head. The whole interior is coarsely cellular; the cells 
averaging in diameter about the tenth of an inch ; but 
nearer the outside they gradually decrease in size. J'his 
part is s\icceeded by a well-defined shell of compact 
lava, having a nearly uniform tliickness of about the 
third of an inch ; and the shell is overlaid by a some- 
wliat thicker coating of finely cellular lava (the cells 
varying from the fiftieth to the Imndredth of an inch in 
diameter), wbicli forms tlie external surface : the line 
separating the shell of compact lava from the outer 
sooriaceous crust is distinctly defined. This structure 
is very simply explained, if w^e suppose a mass of viscid, 
sooriaceous matter, to be projected witli a rapid, rota- 
tory motion through the air; for wdiilst the external 
crust, from cooling, bt^x.uime solidified (in the state we 
now see it), the centrifugal force, by relieving the 
pressm'c in the interior parts of the bomb, would allow 
the lieated vapours to expand their cells ; but these 
btdug driven by the same force against the already- 
hardened crust, would become, the nearer they were to 
this part, smaller and smaller or less expanded, until 
they became packed into a solid, concentric shell. As 
we know that chips from a gidndstbne ' can be flirted 
ofi‘, when made to revolve with sufficient velocity, we 
need not doubt that the centrifugal force would have 
power to modify the structure of a softened bomb, in 

* Nidiors ‘ Architecture of the Heaveua/ 
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the manner here supposed. Geologists have remarked, 
that the external form of a homh at once bespeaks the 
history of its aerial course, and we now see that the 
intenial structure^ can speak, with almost equal plainness, 
of its rotatory movement. 

M, Bory St. Vincent * has described some balls of 
lava from the Isle of Bourljon, whicli have a closely 
similar structure ; his explanation, liowever ( if I under- 
stand it rightly), is very different from tliat whicli I 
have given ; for he supposes that they liavi^ rolled, like 
snow-halls, down the sides of thi^ crater. M. l^iMidant/ 
also, has described some singular litth' balls of obsidian, 
never more than six or eight indies in diameter, which 
he found strewcil on the surface? of the* ground: their 
form is always oval ; sometimi's t)»ey are much swollen 
in the middle, and even spindle-shapial ; their surface 
is regidariy marked with coruxuitric ridges and furrows, 
all of which on tlie same ball are at right, angles to one 
axis : tlieir interior is compact and glassy. M. Beudant 



supposes that masse ‘s of lava, 
when soft, were sliot into the air, 
with a rotatory mov(mient round 
the same axis, and that the form 
and superficial ridg(*s of the 
bombs were thus jiroduced. Sir 
Thomas Mitchell has given me 
what at first appears to he the 


half of a much flattened oval ball 


of obsidian ; it lias a singular 


artificial-like appearance, which 


Volcanic bomb tyf obwidian from 
Australia. The upper fljpjre 
gives a front view ; the lower 
a side view' of the same ob- 
ject. 


is well represented ( of ilie natunil 
size) in the accompanying wood- 
cut. It was found in its pre- 


* ‘Voyage mix Qnatr© Isles d’Afriqiie/ tom. i. p. 222, 
Hongrie/ tom. ii. p. 214. 
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Bent state, 011 a great sandy plain l>etween tbe rivers 
Darling and Murray, in Au.stralia, and at the distance 
of S(*veral hundred miles from any known volcanic 
region. It seems to have beem embedded in some 
reddish tufaceons matter ; and may liavo ])een trans- 
ported (‘ither by the alxn-igines (^r by natural means. 
The external saucer c(>nsists of compact obsidian, of a 
bottle-green et)lour, and is filled with finely-cellular 
bla(‘k lava, miudi h\ss transparent and glassy tlian the 
obsidian. The t^xb^vnal surface is marked with four 
or five not quite perfect ridg(‘s, wliich are represented 
rathca’ too dist-inctly in tlu^ W(K>dcut. Here then we 
haY(^ the extcumal structure described by M. lhaidant, 
and tbe internal cellular condition of tin* bombs from 
Ascension. Th(‘ lip of tlu' saucer is slightly concave, 
exactly like tlu' margin of a soup-plate, and its inner 
edge ov(Tlaps a little the et‘Utral eellular lava. This 
structure is so symmetrical round the entire circum- 
ference, that one is forced to su])pose that the bomb 
burst during its rotatory course, Ixdbn? being quite 
solidified, and that tlie li]) and edges were thus slightly 
modified and turned inwards. It may lie remarked that 
the superlieial ridgc's are in planes, at right angles to an 
axis, traris verse to the longer axis of the flattened oval: 
to explain this cireiunstanee, we may suppose that when 
tlie lioinb burst, the axis of rotation changed. 

Aenfomi — Tbe flanks of Green Moun- 

tain and the surrounding country arc cmered by a 
great mass, some liuiulrifd feet in thickness, of loose 
fragments. The lower beds generally consist of fine- 
grained, .slightly consolidated and the upper beds 

of great loose fragments, with alternating finer beds.‘^ 

* Some of this p<"p«"rino, or tuff, is sufficictitly hnnl not to bo brokon 
by the greatest force of the fingers. 

Oti tlio northern shlw of tJio Green Moniitain a thin seam, about 
an inch in thickness, of comj>act oxide of iron, extends over a con- 



Ascension. 


PAKT I, 


46 

One white ribbon-like layer of decomposed, pnmiceons 
breccia, was curiously bent into deep unbroken curves, 
beneath each of the larger frao^ments in the superin- 
cumbent stratum. From the relative position of these 
beds, I presume that a naiTow-mouthed (‘rater, standing 
nearly in tlie position of Grc^en Mountain, like a groat 
air-gun, shot forth, before its final extinction, this vast 
accumulation of loose matter. Subsequently to this 
event, considerable dislocations liave taken place, and 
an oval circus has been formed by subsidence. This 
sunken space lies at the nortli-eastern foot of Green 
IMountain, and is well represented in the accompanying 
map. Its longer axis, wliicdi is connected with a ]S'E. 
and fSW. line of fissure, is tlirec'-fifths of a nautical mile 
in length ; its sides are nearly perpendicular, except in 
one spot, and about 400 feet in lieight ; they consist, in 
the lower part, of a pale basalt with feldspar, and in the 
upper part, of the tuff and loose ejected fragments ; 
the bottom is smooth and level, and under almost any 
other climate a deep lake would have been formed 
here. From the thickness of the bed of loose fragments, 
with which the surrounding country is covered, the 
amount of ai'^riform matter necessary for their projection 
must have been enormous ; lienee we may suppose it 
probable that after tlie (jxplosions vast subterranean 
caverns were left, and that the falling in of the roof of 
one of these’’ produced the hollow liere described. At 
the Galapagos Archipelago, pits of a similar character. 


Mclerahle nrea it lies conforrnJvLIv in the lower part of the t^tratified 
mass of ashes and fraf^ents. This substance is of a red dish -bro'W'n 
colour, with au almost Tnetallic lustre ; it is not magnetic, hut hcicomes 
so after having been heated under the blowpipe, by which it is black- 
ened and partly fused. This scam of compact stone, by intercepting 
the little rain-water which hills on the island, gives rise to a small 
dripping spring, first disc(»vered by Dampier. It is the only fresh -water 
on the island, so that the possibility of its being inhabited has entirely 
depended on the occurrence of this ferruginous layer. 
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but of a much smaller size, frequently occur at the bases 
of small cones of eruption. 

Ejected r/ranitic fragmentn . — In the neighbour- 
hood of Green Mountain, fragments of extraneous rock 
are not unfrequently found embedded in the midst of 
masses of scorijn. Lieut. .Evans, to whose kindness I 
am indebted for much information, gave mo several 
specimens, and I found others myself. Tliey nearly all 
have a granitic structure, are brittle, harsh to the touch, 
and apparently of altered colours. a white syenite, 

streaked and mottled with red: it consists of well 
crystallised feldspar, numerous grains of (piartz, and 
brilliant, though small, crystals of liorn])lende. The 
feldspar and hornblende in this and the succ(‘eding 
cases have been determined by the reflecting gonio- 
meter, and the quartz by its action tinder the blowpipe. 
The feldspar in these ejected fragments, like the glassy 
kind in the trachyte, is from its cleavage a potash- 
feldspar. Secondly y a brick-red mass of feldspar, quartz, 
and small dark patches of a decayed mineral ; one 
minute particle of which I was able to ascertain, by its 
cleavage, to be hornblende. Thirdly ^ a mass of con- 
fusedly crystallised white feldspar, with little nests of a 
dark coloured minei’al, often carious, externally rounded, 
having a glossy fracture, but no distinct cleavage: from 
comparison with the second specimen, I have no doubt 
that it is fused hornblende. FouHldy^ a rock, wdiicli 
at first appears a simple aggregation of distinct and 
large-sized crystals of dusky-coloured Labrador feldspar;* 

* Professor Miller has Wu so kind as to exjimino this mineral. He 
obtained two good cleaviig(‘» of 86'^ 30' and 86° 60'. The mean of 
several, which I made, was 86° 30'. Prof. Miller states that these 
crystals, when reduced to a line powder, are soluble in hydr(x:hloric 
acid, leaving some undissolveil silox behind ; the addition of oxalate of 
ammonia gives a copious precipitate of lime. He further remarks, that 
according to Yon Kobell, anorthite (a mineral occurring in the ejected 
fragments at Mount Somna) is always white and transparent, so that if 
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but in their interstices there is some white granular 
feldspar, abundant scales of mica, a little altered horn- 
blende, and, as I believe, no quartz. I have described 
these fragments in detail, because it is rare ^ to find 
granitic rocks ejected from volcanos with their minerals 
unchmujed^ as is tlie case with the fii-si specimen, and 
partially with the second. One other large fragment, 
found in another spot, is deserving of notice ; it is a 
conglomerate, containing small fragments of granitic, 
cellular, and jaspery rocks, and of liornstono ])orpbyries, 
embedded in a base of wacke, tlireaded by numerous 
thin layers of a concretionary pitclistone passing into 
obsidian. These layers are parallel, slightly tortuous, 
and short; they thin out at their ends, and resemble in 
form the layers of quartz in gneiss. It is ])ro]jah)e 
tliat these small embedded fragments were not He[)arately 
ejected, but were entangled in a fluid volcanic rock, 
allied to obsidian ; and wc shall presently see that 
several varieties of this latter series of rock assume a 
laminated structure. 

Track iitic series of rod's . — Those occupy the more 
elevated and central, and likewise the south-eastern, 
parts of the island. The trachyte is geiierally of a pale 
brown colour, stained with small dru-ker patches; it 
contains broken and bent crystals of glassy feldspar, 

this be the 1 lirso crystals from .'Vsvt'iision must be C(jnsidcred as 
Labrador fclds])ar. Prof. Miller adds, tliat lie has seen an account, in 
blrdmann's 'Journal fiir technischo Chernio,’ of a mineral ejected from 
a volcano, which had the external characters of Labrador feklsjiar, but 
differed in the analysis from that criven by mineralogists of this mine- 
ral : the author attributed this difference to an error in the analysis of 
Labrador feldspar, which is very old. 

* Daubeny, in his work on Vfjeanos (p. 380), remarks that tin's is 
the c.aso; and Humboldt, in his ‘Personal Knrrative’ (vol. i. p. 2:f6), 
says, ‘In genend, the masses of krioivn jirimitivo rocks, J mean tliose 
which perfectly resemble our granites, gneiss, and mica-slate, are 
very rare in lavas : the substances wc generally denote by the name of 
granite, thrown out by Vesuvius, are mixtures of nepheliue, mica, and 
pyroxene.' 
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grains of specular iron, and blac^: microscopical points, 
which latter, from being easily fused, and then becom- 
ing magnetic, I presume are hornblende. The greater 
number of the hills, however, are composed of a quite 
white, friable stone, appearing like a trachytic tuff. 
Obsidian, hornstone, and several kinds of laminated 
feldspathic rocks, are associated with the trachyte. 
There is no distinct stratification ; nor could I distin- 
guish a crateriform structure in any of the hills of this 
series. Considerable dislocations have taken place; 
and many fissures in these rocks are yet left open, or 
are only partially filled with loose fragments. Within 
the space,' mainly formed of trachyte, some basaltic 
streams have burst forth ; and not far from the summit 
of Green Mountain, there is one stream of quite black, 
vesicular basalt, containing minute crystals of glassy 
feldspar, which have a rounded appearance. 

The soft white stone above mentioned is remarkable 
from its singular resemblance, when viewed in mass, to 
a sedimentary tuff ; it was long before I could persuade 
myself that such was not its origin ; and other geologists 
have teen pei-plexed by closely similar formations in 
trachytic regions. In two cases, this white earthy stone 
formed isolated hills ; in a third, it was associated with 
columnar and laminated trachyte ; but I was imahle to 
trace an actual junction. It contains numerous crystals 
of glassy feldspar and black microscopical specks, and 
is marked with small darker patches, exactly as in the 
surrounding trachyte. Its basis, however, when\iewed 
imder the microscope, is generally quite earthy ; but 
sometimes it exhibits a decidedly crystalline structure. 
On the bill marked * Crater of an old volcano,’ it passes 

' This space is nearly included by a line sweeping round Qroeu 
Mountain, and joining the hills, called the Weather l^rt Signal, Holy- 
head, and that denominated (improperly in a geologic^ sense) *the 
Crater of an old volcano.’ 
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into a pale greenish-^ray variety, difiFering only in its 
colour, and in not being so earthy ; the passage was in 
one case effected insensibly ; in another, it was formed 
by numerous, rounded and angular, masses of the green- 
ish variety, being embedded in the white variety ; — in 
this latter case, the appearance was very much like that 
of a sedimentary deposit, torn up and abraded during 
the deposition of a subsequent stratum. Both these 
varieties are traversed by innumerable tortuous veins 
(presently to be described), which are totally unlike 
injected dikes, or indeed any other veins which I have 
ever seen. Both varieties include a few scattered frag- 
ments, large and small, of dark-coloured scoriaceous 
rocks, the cells of some of which are partially filled with 
the white earthy stone; they likewise include some 
huge blocks of a cellular porphyry.* These fragments 
project from the weathered surface, and perfectly re- 
semble fragments emlxdded in a true sedimentary tuff. 
But as it is known that extraneous fragments of cellu- 
lar rock are sometimes included in columnar trachyte, 
in phonolite,® and in other compact lavas, this circum- 
stance is not any real argument for the sedimentary 
origin of the white earthy stone.^ The insensible 
passage of the greenish variety into the white one, 
and likewise the more abrupt passage by fragments of 
the former being embedded in the latter, might result 

* The pori)hyry is dark coloured ; it contains numerous, often frac- 
tured, crystals of white opaque feldspar, also decomposing crystals of 
oxide of iron ; its vesicle«i include masses of delicate, hair-like, crystals, 
apparently of analcimo. 

* irAubuisson, * Traits de G^ognosie/ tom. ii, p. ^48. 

* Dr. Baubeny (on Volcanos, p. 180) seems to hare been led to l)e- 
liere that certain trachytie formations of Ischia and of the Pay de 
J)6me, which closely resemble these of Ascension, were of sedimentary 
origin, chiefly from the frequent presence in tliem ‘of scoriform por- 
tions, different in colour from the matrix.^ Dr. Daubeny adds, that on 
the other hand, Brocchi, and other eminent geologists, have considered 
these beds as earthy varieties of trachyte; he considers the subject 
deserving of further attention. 
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from slight differences in the composition of the same 
mass of molten stone, and from the abrading action of 
one such part still fluid on another part already solidi- 
fied. The curiously formed veins have, I believe, been 
formed by siliceous matter being subsequently segre- 
gated. But my chief reason for believing that these 
soft earthy stones, with their extraneous fragments, are 
not of sedimentary origin, is the extreme improbability 
of crystals of feldspar, black microscopical specks, and 
small stains of a darker colour occurring in the same 
proportional numbers in an aqueous deposit, and in 
masses of solid trachyte. Moreover, as I have remarked, 
the microscope occasionally reveals a crystalline struc- 
ture in the apparently earthy basis. On the other 
hand, the partial decomposition of such great masses of 
trachyte, forming whole mountains, is undoubtedly a 
circumstance of not easy explanation. 

Vevm in the earthy trachytic musses.— These veins 
are extraordinarily numerous, intersecting in the most 
complicated manner both coloured varieties of the 
earthy trachyte ; they are best seen on the flanks of 
the * Crater of the old volcano.’ They contain crystals 
of glassy feldspar, black microscopical specks and little 
dark stains, precisely as in the surrounding rock ; but 
the basis is very different, being exceedingly hard, 
compact, somewhat brittle, and of rather less easy 
fusibility. The veins vary much, and suddenly, from 
the tenth of an inch to one inch in thickness; they 
often thin out, not only on their edges^ but^ in their 
central parts, thus leaving round, irregular apertures ; 
their surfaces are rugged. They are inclined at every 
possible angle with the horizon, or are horizontal ; they 
are generally curvilinear, and often interbranch one 
with another. From their hardness they withstand 
weatherings and projecting two or three feet above the 
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ground, they occasionally extend some yards in length ; 
these plate-like veins, when struck, emit a sound, almost 
like that of a drum, and they may be distinctly seen to 
vibrate ; their fragments, which are strewed on the 
ground, clatter like pieces of iron when knocked against 
each other. They often assume the most singular 
forms ; I saw a pedestal of the earthy trachyte, covered 
by a hemispherical portion of a vein, like a great 
umbrella, sufficiently large to shelter two persons. I 
have never met with, or seen described, any veins like 
these ; but in form they resemble the ferruginous seams, 
due to some process of segregation, occurring not un- 
commonly in sandstones, — for instance, in the New Ked 
sandstone of England. Numerous veins of jasper and 
of siliceous sinter, occurring on the summit of this 
same hill, show that there has been some abundant 
source of silica, and as these plate-like veins differ from 
the trachyte only in their greater hardness, brittleness, 
and less easy fusibility, it appears probable tliat their 
origin is due to the segregation or infiltration of silice- 
ous matter, in the same manner as happens with the 
oxides of iron in many sedimentary rocks. 

Siliceous sinter ami jasper . — The siliceous sinter 
is either quite white, of little specific gravity, and with 
a somewhat pearly fracture, passing into pinkish pearly 
quartz ; or it is yellowish white, with a harsh fracture, 
and it then contains an earthy powder in small cavities. 
Both varieties occur, either in large irregular masses 
in the altered .trachyte, or in seams included in broad, 
vertical, tortuous, irregular veins of a compact, harsh, 
stone of a dull red colour, appearing like a sandstone. 
This stone, however, is only altered trachyte; and a 
nearly similar variety, but often honeycombed, some- 
times adheres to the projecting plate-like veins, des* 
cribed in the last paragraph. The jasper is of an pchre 
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yellow or red colour ; it occurs in large irregular masses, 
and sometimes in veins, both in the altered trachyte 
and in an associated mass of scoriaceous basalt. The 
cells of the scoriaceous basalt are lined or filled with 
fine, concentric layers of chalcedony, coated and studded 
with bright-red oxide of iron. In this rock, especially 
in the rather more compact parts, irregular angular 
patches of the red jasper are included, the edges of 
which insensibly blend into the surrounding mass ; 
other patches occur having an intermediate character 
between perfect jasper and the ferruginous, decomposed, 
basaltic base. In these patches, and likewise in the 
large vein-like masses of jasper, there occur little 
rounded . cavities, of exactly the same size and form 
with the air-cells, which in the scoriaceous basalt are 
filled and lined with layers of chalcedony. Small frag- 
ments of the jasper, examined under the microscope, 
seem to resemble the chalcedony with its colouring 
matter not separated into layers, but mingled in the 
siliceous paste, together with some impurities. I can 
understand these facts,— namely, the blending of the 
jasper into the semi-decomposed basalt, — its occurrence 
in ang\ilar patches, which clearly do not occupy pre- 
existing hollows in the rock, — and its containing little 
vesicles filled with chalcedony, like those in the scori- 
aceous lava, — only on the supposition that a fluid, 
probably the same fluid which deposited the chalcedony 
in the air-cells, removed in those parts where there 
were no cavities, the ingredients of the basaltic rock, 
and left in their place silica and iron, and thus pro- 
duced the jasper. In some specimens of silicified wood, 
I have observed, that in the same manner as in the 
basalt, the solid parts were converted into a dark- 
coloured homogeneous stone, whereas the cavities 
formed by the larger sap-vessels (which may be com- 
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pared with the air-vesicles in the basaltic lava) and 
other irregular hollows, apparently produced by decay, 
were filled with concentric layers of chalcedony ; in this 
case, there can be little doubt that the same fluid 
deposited the homogeneous base and the chalcedonic 
layers. After these considerations, 1 cannot doubt but 
that the jasper of Ascension may be viewed as a volcanic 
rock silicified, in precisely the same sense as this term 
is applied to wood, when silicified ; we are equally 
ignorant of the means by which every atom of wood, 
whilst in a perfect state, is removed and replaced by 
atoms of silica, as we are of the means by which the 
constituent parts of a volcanic rock could be thus acted 
on.' I was led to the careful examination of these rocks, 
and to the conclusion here given, from having heard 
the Rev. Professor Henslow express a similar opinion, 
regarding the origin in trap-rocks of many chalcedonies 
and agates. Siliceous deposits seem to be very general, 
if not of universal occurrence, in partially decomposed 
trachytio tuSs ; ^ and as these hills, according to the 
view above given, consist of trachyte softened and 
altered in situ^ the presence of free silica in this case 
may be added as one more instance to the list. 

Concretions in pumiceous tuff . — The hill, marked 


* Beudant (‘ Voyage eu torn. iif. pp. r>02, 504) describes kid- 

ney-shaped masses of jasper-opal, which either hloTid into the surround- 
ing trachytic conglomerate, or are embedded in it like chalk-lUnts ; and 
he compares them with the fnigments of opaliaod wood, which are 
abundant in this same formation. Beudant, however, appears to have 
viewed the process of their formation rather as one of simple infiltra- 
tion than molecular exchange ; but the presence of a concretion, 
wholly different from the surrounding matter, if not formed in a pre- 
existing hollow, clearly seems to me to require, either a molecular or 
mechanical displacement of the atoms, which occupied the space after* 
wards filled by it. The jasper-opal of Hungary passes into chalcedony, 
and therefore in this case, as in that of Ascension, jasper seems to be 
intitnately related in origin with chalcedony^ 

* Beudant (‘ Voyage Min.* tom. iii. p. 607) enumerates cases 
glu^, Germany, Central France, Italy, Greece, and Mexico. 
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in the map ‘ Crater of an old volcano/ has no claims to 
this appellation, which I could discover, except in being 
surmounted by a circular, Very shallow, saucer-like 
summit, nearly half a mile in diameter. This hollow 
has been nearly filled up with many successive sheets of 
ashes and scorijn, of difierent colours, and slightly con- 
solidated, Each successive saucer-shaped layer crops 
out all round the margin, forming so many rings of 
various colours, and giving to the hill a fantastic 
appearance. The outer ring is broad, and of a white 
colour ; hence it resembles a course round which horses 
have been exercised, and has received the name of the 
Devil's Riding School, by which it is most generally 
known. These successive layers of ashes must have 
fallen over the whole surrounding country, but they 
have all been blown away except in this one hollow, 
in which probably moisture accumulated, either during 
an extraordinaiy year when rain fell, or during the 
storms often accompanying volcanic eruptions. One of 
the layers of a pinkish colour, and chiefly derived 
from small, decomposed fragments of pumice, is remark- 
able, from containing numerous concretions. These 
are generally spherical, from half an-inch to three 
inches in diameter ; but they are occasionally cylin- 
drical, like those of iron-pyrites in the chalk of Eiuope. 
They consist of a very tough, compact, pale-brown 
stone, with a smooth and even fracture. They are 
divided into concentric layers by thin white partitions, 
resembling the external superficies; six or 'eight of 
such layers are distinctly defined near the outside ; but 
those towards the inside generally become indistinct, 
and blend into a homogeneous mass. I presume that* 
these concentric layers were formed by the shrinking of 
the concretion, as it became compact. The interior 
part is generally fissured by miaute cracks or septaria, 
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which ate lined, both by black, metallic, and by other 
white and crystalline specks, the nature of which I was 
unable to ascertain. Some of the larger concretions 
consist of a mere spherical shell, filled with slightly 
consolidated ashes. The concretions contain a small 
proportion of carbonate of lime; a fragment placed 
under the blowpipe decrepitates, then whitens and 
fuses into a hlehby enamel, but does not become caustic. 
The surrounding ashes do not contain any carl)onate of 
lime ; hence the concretions have pro])ably been formed, 
as is so often the case, by the aggregation of this sub- 
stance. I have not met wdth any account of similar 
concretions ; and considering their gi*eat toughness and 
compactness, their occurrence in a bed, which probably 
has l)eeri subjected only to atmospheric moisture, is 
remarkable. 

Formation of calcareous rocks on the sea-^coasU — 
On several of tlie sea-beaches, there are immense accu- 
mulations of small, well-rounded particles of shells aud 
corals, of white, yellowish, and pink colours, inter- 
spersed with a few volcanic particles. At the depth of 
a few feet, these are found cement^^d together into 
stone, of which the softer varieties are used for build- 
ing; there ai’e other varieties, both coarse and fine- 
grained, too hard for this purpose ; and 1 saw one 
mass divided into even layers half-an-inch in thickness, 
which were so compact that when struck with a hammer 
they rang like flint. It is believed by the inhabitants, 
that the particles become united in tlie course of a 
single year. The union is effected by caloareons 
matter; and in tbe most compact varieties, each 
rounded particle of shell and volcanic rock can be dis- 
tinctly seen to be enveloped in a husk of pellucid 
carbonate of litne. Extremely few perfect shells are 
embedded in these agglutinated masses ; and I have 
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examined even a large fragment under a microscope, 
without being able to discover the last vestige of striae 
or other marks of external form : this shows how long 
each particle must have been rolled about, before its 
turn came to be embedded and cemented.' One of the 
most compact varieties, wdien placed in acid, was en- 
tirely dissolved, with the exception of some flocculent 
animal matter ; its specific gravity was 2 ’6 3. The 
specific gravity of ordinary limestone varies from 2*6 to 
2*75; pure Carrara marble was found by*Sir H. De la 
Beebe ^ to be 2*7. It is remarkable that these rocks of 
Ascension, formed close to the surface, should be nearly 
as compact as marble, which has undergone the action 
of heat and pressure in the platonic regions. 

The great accumulation of loose calcareous particles, 
lying on the beach near the Settlement, commences in 
the mouth of October, moving towards the SW., which, 
as I was informed by Lieut, Evans, is caused by a change 
in the prevailingdirection of the currents,. At this period 
the tidal rocks, at the SW. end of the beach, where the 
calcareous sand is accumulating, and roimd which the 
currents sweep, become gradually coated with a calcare- 
ous incrustation, half-an-inch in thickness. It is quite 
white, compact, with some parts slightly spathose, and 
is firmly attached to the rock. After a short time it 
gradually disappears, being either redissolved, when 
the water is less charged with lime, or more probably is 
mechanically abraded, Lieut. Evans has observed these 
facts, during the six years he has resided at Ascension, 
The incrustation varies in thickness in different ye^rs : 
in 1831 it was unusually thick. When I was there in 

’ The eggs of the turtle being buried by the parent, sometimes Ix)- 
cotne enclosed in the solid rock. Mr. Lyell has given a figure ('Princi- 
ples of Geology,’ book iii. ch. 17) of some eggs, containing the bones of 
young turtles, found thus entombed. 

® *Besearclies in Theoretical Geology-*,’ p. 12. 
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July, there was bo reinBant of the incrustation ; but on 
a point of basalt, from which the quarrymen had lately 
removed a mass of the calcareous freestone, the incrusta- 
tion was perfectly preserved. Considering the position 
of the tidal rocks, and the period at which they become 
coated, there can be no doubt that the movement and dis- 
tux'bance of the vast accumulation of calcareous particles, 
many of them being partially agglutinated together, 
cause the waves of the sea to be so highly charged 
with carbonate of lime, that they deposit it on the first 
objects against which they impinge. I have been in- 
formed by Lieut. Holland, K.N., that this incrusta- 
tion is formed on many parts of the coast, on most of 
which, I believe, there are likewise great masses of 
comminuted shells. 

A frondescent calcareous incrustation , — In many 
respects this is a singular deposit ; it coats through- 
out the year the tidal volcanic rocks, that project from 



the beaches composed of broken shells. Its general 
appearance is well represented in the accompanying 
woodcut ; but the fronds or disks, of which it is com- 
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posed, are generally so closely crowded together as to 
touch. These fronds have their sinuous edges finely 
crenulated, and they project over their pedestals or 
supports ; tlieir upper surfaces are either slightly con- 
cave, or slightly convex ; they are highly polished, and 
of a dark gray or jet bhick colour ; their form is irre- 
gular, generally circular, and from the tenth of an inch 
to one inch <'md a-half in diameter ; their thickness, or 
amount of tlieir projection from the rock on which they 
stand, varies much, about a quarter of an inch being per- 
haps most usual. The fronds occasionally become more 
and more convex, until they pass into botryoidal masses 
with their summits fissured ; when in this state, they are 
glossy and of an intense black, so as to resemble some 
fused metallic substance. I have shown the incrustation, 
both in this latter and in its ordinary state to several 
geologists, but not one could conjecture its origin, except 
that perhaps it was of volcanic nature I 

The substance forming the fronds has a very com- 
pact and often almost crystalline fracture ; the edges 
l>eing transluceut, and hard enough easily to scratch 
calcareous spai'. Under the blowpipe it immediately be- 
comes white, and emits a strong animal odour, like that 
from fresh shells. It is chiefly composed of carbonate 
of lime ; when placed in muriatic acid it froths much, 
leaving a residue of sulphate of lime, and of an oxide of 
iron, together with a black powder, which is not soluble 
in heated acids. This latter substance seems to be car- 
bonaceous, and is evidently the colouring matter. The 
sulphate of lime is extraneous, and occurs in distinct, 
excessively minute, lamellar plates, studded on the sur- 
faces of the fronds, and embedded between the fine 
layers of which they are composed ; when a fragment is 
heated in the blowpipe^ these lamelte are immediately 
rendered visible. The original outline of the fronds 
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may often be traced, either to a minute particle of shell 
fixed in a crevice of the rock, or to several cemented 
together ; these first become deeply corroded, by the 
dissolving power of the waves, into sharp ridges, and 
then are coated with successive layers of the glossy^ 
gray, calcart^us incrustation. The inequalities of the 
primary support afiect tlie outline of every successive 
layer,' in the same manner as may often be seen in 
bezoar-stones, when an object like a nail forms the 
centre of aggregation. The crenulated edges, how- 
ever, of the frond appear to be due to the corroding 
power of the surf on its own deposit, alternating with 
fresh depositions. On some smooth basaltic rocks on 
the coast of St. Jago, I found an exceedingly thin layer 
of brown calcareous matter, which under a lens pre- 
sented a miniature likeness of the crenulated and 
polished fronds of Ascension ; in this case a basis was 
not afforded by any projecting extraneous particles. 
Although the incrustation at Ascension is j^ersistent 
throughout the year ; yet from tlie abraded appearance 
of some parts, and from the fresh appearance of other 
parts, the whole seems to undergo a roimd of decay 
and renovation, due probably to changes in the form 
of the shifting beach, and consequently in the action 
of the breakers : hence probably it is, that the incrusta^ 
tion never ac^juires a great thickness. Considering the 
position of tlie encrusted rocks in the midst of the cal- 
careous beach, together with its composition, I think 
there can be no doubt that its origin is due to the disso- 
lution and subsequent deposition of the matter com- 
posing the rounded particles of shells and corals.* 

1 The selenite, as I have remarked, is extr^ineous, and mast hare 
been derived from the sea-water. It is an interesting^ circumstance 
thns to find the waves of the ocean, sufficiently charged with sulphate 
, of lime, to deposit it on the rocks, against which they dash every tide. 
Dr. Webster has described (* Voyage of the Chanticleer,"* * vol. ii. p. 319) 



CHAT*, ni. Calcareous Incrustation. 6 1 

From thifi source it derives its animal matter, which 
is evidently the colouring principle. The nature of 
the deposit, in its incipient stage, can often be well 
seen upon a fragment of white shell, when jammed be- 
tween two of the fronds ; it then appears exactly like 
the tliinnest wash of a pale gray varnish. Its dai’kness 
varies a little, but the jet blackness of some of the 
fronds and of the botryoidal masses seems due to the 
translucency of the successive gray layers. There is, 
however, this singular circumstance, that when de- 
posited on the under side of ledges of rock or in fissures, 
it appears always to be of a pale, pearly gray colour, 
even when of considerable thickness : hence one is led 
to suppose, that an abundance of light is necessary to 
the development of the dark colour, in the same 
manner as seems to be the case with the upper and ex- 
posed surfaces of the shells of living mollusca, which 
are always dark, compared with their under surfaces 
and with the parts habitually covered by the mantle of 
the animal. In this circumstance, — in the immediate 
loss of colour and in the odour emitted under the blow- 
pipe, — in the degree of hardness and translucency of 
the edges, — and in the beautiful polish of the surface,^ 
rivalling when in a fresh state that of the finest Oliva, 
there is a striking analogy between this inorganic in- 


beds of gypsum and salt, as iniich jas two feet in thickness, left by the 
evaporation of the spray on the rocks on the windward coast. Beautiful 
stalactites of selenite, rescmblijig in form those of ctirboi^te of lime, 
are formed near these bods. Amorphous masses of gypsum, also, occur 
in caverns in the interior of tlio island; and at Cross Hill (an old 
. crater) I saw a considerable quantity of salt ooaiug from a pile of scoriee. 
In these latter cases, the salt and gypsum appear to be volcanic 
products. 

* From the fact described in my * Journal of Hosoarches ’ (p. 121, of a 
coating of oxide of iron, dejwsitoa by a streamlet on the rocks in its bed 
(like a nearly similar coating at the great cataracts of the Orinooco and 
Kile), becoming finely poliSied where the surf acts, I presume that 
the surf in this instance, also, is the polishing agent. 
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cruBtatioB and the shells of linng molluscous animals.^ 
This appears to me to be an interesting physiological 
fact.^ 

Singular laminated beds alternating with and 
passing into obsidian . — These beds occur within the 
trachytic district, at the western base of Green Mountain, 
under which they dip at a high inclination. They are 
only partially exposed, being covered up by modern 
ejections ; from this cause, I was unable to trace their 
junction with the trachyte, or to discover whether they 
had flowed as a stream of lava, or had been injected 
amidst the overlying strata, lliere are three principal 
beds of obsidian, of which the thickest forms the base 
of the section. The alternating stony layers appear to 
me eminently curious, and shall be first described, and 
afterwards their passage into the obsidian. They have 
an extremely diversified appearance; five principal 
varieties may be noticed, but these insensibly blend 
into each other by endless gradations. 

First, — A pale gray, irregularly and coarsely lami- 
nated,^ harsh-feeling rock, resembling clay-slate which 


’ In the section descriptive of St. Panl’s Rtx'ks, I have described a 
glossy, pearly substance, which coats the rocks, and an allied stalac- 
titical incrustation from Ascension, the crust of which resembles the 
enamel of teeth, but is hard enough to scratch plate glass. Both these 
substancefi contain animal matter, and seem to hare been derived from 
water infiltering through birds’ dung. 

* Mr. Horner and Sir David Brewster have described (‘ Philos(^phical 4 
Transactions,’ 1836, p. 66) a singular ‘artificial substance, resembling 
shell.’ It is deposited in fine, transparent, highly polished, brow’n- 
coloured laminae, possessing peculiar optical properties, on the inside of 
a vessel, in which cloth, first prepared with glue and then with lime, is 
made to revolve rapidly in water. It is much softer, more transparent, 
and contains more animal matter, than the natural incrustation at * 
Ascension ; but we Ijero again see the strong tendency which carbonate 
of lime and animal matter evince to form a solid substance allied to 

* This term is open to some misinterpretation, as it may l^e applied 
both to rocks divided into laminat* of exactly the same composition, 
and to iajers firmly attached to each other, with no fissile tendency, but 
composed of different minerals, or of different shades of colour. The 
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hafi bean in contact with a trap-dike, and with a frac- 
ture of about the , same degree of crystalline structure* 
This rock, as well as the following varieties, easily fuse 
into a pale glass. The greater part is honey-combed 
with irregular, angular, cavities, so that the whole has 
a curious appearance, and some fragments resemble in 
a remarkable m^ner silicified logs of decayed wood. 
This variety, especially where more compact, is often 
marked with thin whitish streaks, which are either 
straight or wrap round, one behind the other, the 
elongated carious hollows. 

Secondly, — A bluish gi*ay or pale brown, compact, 
heavy, homogeneous stone, with an angular, uneven, 
earthy fracture ; viewed, however, under a lens of high 
power, the fracture is seen to be distinctly crystalline, 
and even separate minerals can be distinguished. 

Thirdly, — A stone of the same kind with the last, 
but streaked with numerous, parallel, slightly tortuous, 
white lines of the thickness of hairs. These white lines 
are more crystalline than the parts between them ; and 
the stone splits along them : they frequently expand 
into exceedingly thin cavities, which are often only 
just perceptible with a lens. The matter forming the 
white lines becomes better crystallised in these cavities, 
and Prof. Miller was fortunate enough, after several 
trials, to ascertain that the white crystals, wliich are the 
largest, wercj of quartz,' and that the minute green trans- 
parent needles were augite, or, as they would more 
generally be called, diopside; besides these crystals, 
there are some minute, dark specks without a trace of 

term ^ latninate<l,’ in this chapter, is applied in those latter senses ; where 
n homogeneous rook splits, as in the former sense, in a given direction, 
like clay-slate, I have used the term * fissile.’ 

^ Professor Miller informs me that tlie crystals which he measured 
had the faces P, z, m of the figure (147) given by Haidinger in his 
Translation of Mohs ; and he adds, that it is remarkable, that none of 
d:^em had the slightest trace of fiices r of the regular six«sided prism. 
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crystallisation, and some fine, white, granular, crys- 
talline matter which is probably feldspar. Minute 
fragments of tlus rock are easily fusible. 

Fourthly, — A compact crystalline rock, banded in 
straight lines with innumerable layers^ of white and 
gray shades of colour, varying in width from the 
to the 5 these layers :seem to be com- 

posed chiefly of feldspar, and they contain numerous 
perfect crystals of glassy feldspar, which are placed 
lengthways ; they are also thickly studded with micro- 
scopically minute, amorphous, black specks, wliich are 
placed in rows, either standing separately, or more 
frequently united, two or thrc'O or several together, into 
black lines, thinner than a hair. When a small frag- 
ment is heated in the blowpipe, the black specks are 
easily fused into black brilliant beads, which become 
magnetic, — characters that apply to no common mineral 
except hornblende or augite. With the black speaks 
there are mingled some others of a red colour, which are 
magnetic before being heated, and no doubt are oxide 
of iron. Round two little cavities, in a specimen of 
this variety, I found the black specks aggregated into 
minute crystals, appearing like those of augite or horn- 
blende, but too dull and small to be measured by the 
goniometer; in this specimen, also, I could distinguish 
amidst the crystalline feldspar, grains, which had the 
aspect of quartz. By trying with a parallel ruler, I 
found that the thin gray layers and the black hair-like 
lines were absolutely straight and parallel to each 
other. It is impossible to trace tbe gradation from the 
homogeneous gray rocks to these striped varieties, or 
indeed the character of the different layers in the same 
specimen, without feeling convinced that the more or 
less perfect whiteness of the crystalline feldspathic 
matter depends on the more or less perfect aggregation 
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of diifused matter, into the black and red specks of 
hornblende and oxide of iron. 

Fifthly, — A compact heavy rock, not laminated, 
with an irregular, angular, highly crystalline, fracture ; 
it abounds with distinct crystals of glassy feldspar, and 
the crystalline feldspathic base is mottled with a black 
mineral, which on the weathered surface is seen to be 
aggregated into small crystals, some perfect, but the 
greater number imperfect. I showed this specimen to 
an experienced geologist, and asked him vdiat it was, 
he answered, as I think every one else would have done, 
rhat it was a primitive greenstone. The weathered 
siuface, also, of the foregoing (No. 4) banded variety, 
strikingly resembles a worn fragment of finely laminated 
gneiss. 

These five varieties, with many intermediate ones, 
pass and repass into each other. As the compact 
varieties are ciuite subordinate to the others, the whole 
may be considered as laminated or striped. The laminae, 
to sum up their characteristics, are either quite straight, 
or slightly tortuous, or convoluted ; they are all parallel 
to each other, and to the intercalating strata of obsidian; 
they are generally of extreme thinness ; they consist 
either of an apparently homogeneous, compact rock, 
striped with different shades of gray and brown colours, 
or of crystalline feldspathic layers in a more or less 
perfect state of purity, and of different thicknesses, with 
distinct crystals of glassy feldspar placed lengthways, or 
of very thin layers chiefly composed of minute Crystals 
of quartz and augite, or composed of black and red 
specks of an augitic mineral and of an oxide of u*on, 
either not crystallised or imperfectly so. After having 
fully described the obsidian, I shall return to the subject 
of the lamination of rocks of the trachytic series. 

The passage of the foregoing beds into the strata of 



66 


A scension. 


PABT I* 


glassy obsidian is effected in several ways : first, angulo- 
modular masses of obsidian, both large and small, 
abruptly appear disseminated in a slaty, or in an amor- 
phous, pale-coloured feldspathic rock, with a somewhat 
pearly fracture. Secondly, small irregular nodules of 
the obsidian, either sUnding separately, or united into 
thin layers, seldom more than the tenth of an inch 
in thickness, alternate repeatedly with very thin layers 
of a feldspathic rock, wliich is striped with the finest 
parallel zones of colour, like an agate, and which some- 
times passes into the nature of pitchstone ; the intAU’stices 
. between tlie nodules of obsidian are generally filled l>y 
soft white matter, resembling pumiceous ashes. Thirdly, 
the whole substance of the hounding rock suddenly 
passes into an (ingulo-concretionary mass of obsidian. 
Such masses (as well as the small nodules) of obsidian 
are of a pale green colour, and are generally streaked 
with different shades of colour, parallel to the laminso 
of the surrounding rock ; they likewise generally con- 
tain minute white sphaerulites, of which half is some- 
times embedded in a zone of one shade of colour, and 
half m a zone of another shade. The obsidian assumes 
its jet black colour and perfectly conchoidal fracture, 
only when in large masses ; but even in these, on careful 
examination and on holding the specimens in different 
liglits, I could generally distinguish parallel streaks of 
different shades of darkness. 

One of the commonest transitional rocks deserves in 
several respects a further description. It is of a very 
complicated nature, and consists of numerous thin, 
slightly tortuous, layers of a pale-coloured feldspathic 
stone, often passing into an imperfect pitchstone, alter- 
nating with layers formed of numberless little globules 
of two varieties of obsidian, and of two kinds of spha?- 
rulties, embedded in a soft or in a hard pearly base. 
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The spha^rulites axe either white and translucent, or 
dark brown and opaque ; tlie former are quite spherical, 
of small size, and distinctly radiated from their centre. 
The dark brown splnerulites are less perfect!}’ round, 
and vary in diameter from the -^th to T^^i^yth of an inch ; 
when broken they exhibit towards their centres, which 
are whitish, an obscure radiating structure; two of 
them when united, sometimes have only one central 
point of radiation ; there is occasionally a trace of a 
hollow or crevice in their centres. They stand either 
separately, or'are united two or three or many together 
into irregular groups, or more commonly into layers, 
piu-allel to the stratification of the mass. This union 
in many cases is so perfect, that the two sides of the 
layer thus formed, are quite even ; and these layers, as 
they become lam brown a.nd opaque, cannot be distin- 
guished from the alternating layers of the 2>ale-coloured 
feldspathic stone. The sphaerulites, when not united, 
are generally compressed in the plane of the lamination 
of the mass ; and in this same plane, they are often 
marked internally, by zones of different shades of 

No. 0.. 



Opaqno brown spbierull/ties, drawn on an enlarged (scale. The upper <!^nea are ex- 
ternally marked witli pamllel ridgea. The internal radiating structure of the 
lower ones, is much too plainly rejwtnsentod. 

colour, and externally by small ridges and furrows. In 
the upper part of the accompanying woodcut, th 
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sphserulites with the parallel ridges* and farrows are 
represented on an enlarged scale, but they are not well 
executed ; and in the lower part, their usual manner of 
grouping is shown. In another specimen, a thin layei* 
formed of the brown sphserulites closely united togetlier, 
intersects, as represented in the woodcut, No. 7, a layer 

No. 7. 



A layer formed by tho uni(.n of minute ]>rown HphmriiUtx'?. int^rswtiiifr two other 
«imilar layers : the whole represented of nearly the natural size. 

of similar composition ; and after running for a short 
space in a slightly cun^ed line, again intersects it, and 
likewise a second layer lying a little way beneath that 
first intersected. The small nodules also of obsidian are 
sometimes externally marked with ridges and furrows, 
parallel to the lamination of the mass, but always less 
plainly than the sphgerulites. These obsidian nodules 
are generally angular, with their edges blunted : they 
are often impressed with the form of the adjoining 
sphaerulites, than which they are alw^ays larger; the 
separate nodules seldom appear to have drawn each other 
out by exerting a mutual attractive force. Had I not 
found in some cases, a distinct centre of attraction in 
these nodules of obsidian, I should have been led to 
have considered them as residuary matter, left during 
the formation of the pearlstoue, in which they are 
embedded, and of the sphaerulitic globules. 

The sphaerulites and the little nodules of obsidian 
in these rocks so closely resemble, in general form and 
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structure, concretions in sedimentary deposits, that one 
is at once tempted to attribute to them an analogous 
origin. They resemble ordinary concretions in the 
following respects: in their external form, — in the union 
of two or three, or of several, into an irregular mass, or 
into an even-sided layer, — in the occasional intersection 
of one such layer by another, as in the case of chalk- 
flints, — in the presence of two or three kinds of nodules, 
often close together, in the same basis,— m their fibrous, 
radiating structure, with occasional hollows in their 
centres, — in the co-existence of a lami nary, concretionary, 
and radiating structure, as is so well developed in the 
concr€‘tions of magnesian limestone, descrilH^d by Pro- 
fessor Sedgwick.' Concretions in sedimentary deposits, 
it is known, are due to the separation from the sur- 
rounding mass (tf the whole or part of some mineral 
substance, and its aggregation round certain points of 
attraction. Guided by this fact, I have endeavoured 
to discover whether obsidian and the sp])j»rulites (to 
which may be added marekanite and pearlstone, both 
of them occurring in nodular concretions in the tracliytic 
series) diifer in their constituent paids, from th<^ minerals 
generally composing trachytic rocks. It appears from 
three analyses, that obsidian contains on an average 76 
per cent, of silica ; from one analysis, that spha3rulites 
contain 79*12; from two, that marekanite contains 
79*25; and from two other analyses, that pearlstone 
contains 75*62 of silica.^ Now, the constituent parts 
of trachyte, as far as they can be distinguished, consist 
of feldwspar, containing 65*21 of silica ; or of albite, con- 
taining 69*09 ; of hornblende, containing 55*27,® and of 

^ ‘ Geologiwil Transactions/ vol. iii. part i. p. 37. 

* The foregoing analyses are taken from Beudant, * Traite de Miner- 
alogle/ tom. ii. p. 113; and one analysis of obsidian, from Phi llips’t^ 

^ Mineralogy.’ 

• These analyses are taken from Von Kobell’s ‘ Grundsuge der Miner- 
aiogie/ 183S. 
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oxide of iron : f^o that the foregoing glassy concre- 
tionary substance, all contain a hu-ger proportion of 
silica than that occurring in ordinary feldspatliic or 
trachytic rocks. D’Aiibuisson,* also, has remarked on 
tlie large proportion of silica compared with alumina, 
in six analyses of obsidian and pcarlstone given in 
Brongniart’s ‘ Mineralogy.' Hence I conclude, that tlie 
foregoing concretions have been formed by a process of 
aggregation, strictly analogous to that which takes 
place in aqueous deposits, acting chiefly on the silica, 
but likewise on some of the other elements of tlie sur- 
rounding mass, and thus producing the different con- 
cretionary vari(;ties. From the well-known effects of 
rapid cooling^ in giving glassiness of texture, it is 
probably necessary that the entire mass, in cases like 
that of Ascension, should have cooled at a certain rate ; 
but considering ilie n?peated and complicated alterna- 
tions of nodules and thin layers of a glassy texture 
with other layers quite stony or crystalline, all within 
tlie space of a few feet or even inches, it is hardly 
possible that they could liave cooled at different rates, 
and thus have acquired their different textures. 

The natural sphscrulites in these rocks ^ very closely 


’ "Trait6 (Joogn/ tom. ii. p. 635. 

* This is seen in the manxifactiire of common aiui in Grcfjory 
Watts's ex^tcrimonts on mollen trap; also on the natural snrfaccs of 
lava*strcams, and on the side-valls of dikes. 

* I do not know whether it is pjenerally known, that Uxlies having? 
exactly the same appearance ns sphneruliteg, sometimes wcur in agates. 
Mr. Robert Brown showed me in an agate, formed within a cavity in a 
piece of silieified wood, some little specks, which were only just visible 
to the naked eye : these specks, when placed by him under a lens of 
high power, presented a beaxitiful appear^?nce they W'ere perfectly 
circular, and consisted of the finest fibres of a brown colour, radiating 
with great exactness from a common centre- These little radiating 
stars are occasionally intersected, and portions are quite cut off by the 
hne, ribbon-Hke zones of colour in the agate. In the obsidian of 
Ascension, the halves of a sphaTulite often he in different zones of 
colour, but they are not cut off’ by them, as in the agate, 
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resemble those produced in glass, when slowly cooled* 
In some fine specimens of partially devitrified glass, 
in the possession of Mr. Stokes, the sphserulites are 
united into straight layers with even sidtjs, parallel to 
each other, and to one of the outer surfaces, exactly as 
in the obsidian. These layers sometimes interbranch 
and form loojjs ; but I did not see any case of actual 
intersection. They form the passage from the perfectly 
glass}" portions, to those nearly homogeneous and stony, 
with only an obscure concretionary structure. In the 
same specimen, also, sphaeridites differing slightly in 
colour and in structure, occur embedded close together. 
Considering these facts, it is some confirmation of the 
view above given of the concretionary origin of the 
obsidian and natural spha^r^dites, to find that M. Dar- 
tigues,* in his curious paper on this subject, attributes 
the production of spha^rulites in glass, to the different 
ingredients obeying their own laws of attraction and 
becoming aggregated. He is led to believe that this 
takes place, from the difficulty in remedting spluerulitic 
glass, without the whole he first thoroughly pi)unded 
and mix(=^d together ; and likewise from the fact, that 
the change takes place most readily in glass composed 
of many ingredients. In confirmation of M. Dartigues’ 
view, I may remark, that M. Fleurian de Bellevue ^ 
found that the sphfcrulitic portions of devitrified glass 
were acted on both by nitric acid and under the blow- 
pipe, in a different manner from the compact paste in 
which they were embedded. 

Comparison of the ohsUlian beds and alternating 
strata of Ascension^ rvUh those of other cotmtries , — 
I have been struck with much surprise, ho^v closely the 
excellent description of the obsidian rocks of Hungary, 

* * Journal de Physique/ tom. 59 (1804), pp. JO. 12. 

^ Idem, tom. 60 (1805), p. 418. 
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given by Beudaut^* and that by Humboldt, of the same 
formafcion in Mexico and Peru,^ and likewise the descrip- 
tions given by several authors ^ of the trachytic regions 
in the Italian islands, agree wit.h my observations at 
Ascension. Many passages might have been transferred 
without alteration from the works of the above authors, 
and would have been apydicable to this island. They 
all agree in the laminated and stratified character of 
* the whole series; and Humboldt speaks of some of the 
beds of obsidian being ribboned like jasper."* They all 
agree in the nodular or concretionary character of the 
obsidian, and of the passage of thesv‘ nodules into layers. 
They all refer to tlie repeated alternations, often in un- 
dulatory planes, of glas.vy, pearly, stony, and crystalline 
layers: the crystalline layers, however, setim to be much 
more perfectly developed at Ascension, than in the 
above-named countries. Humboldt compares some of 
the stony beds, when viewed from a disbmee, to strata 
of a schistose sandstone. SpUaerulites are described as 
occurring abundantly in all casvs ; and they everywhere 

* ‘ Yoyiigd eu Hongrie/ tom. i. p. 330 ; tom. ii. pp. 221 and 315 ; 
iii. pp. 369, 371, 377, 381. 

Geogno.stiqut-s’ pp. 176, 326, 328. 

* i*. 8croX)e, in ‘ Geological Transactions*/ vol. ii. (soconcl scries) p. 195. 
Consult, also, Dolimieu’s ‘ Voyage aux Isles Lipari,’ and U’Aubuisson, 
‘Traite de Geogn.’ tom. ii. p. 534. 

* In IVIr. Stokes^ fine collection of obsidians from Mexico, I observe 
tliat the Bpbserulites are generally ranch larger than those of Ascension ; 
they are generally white, opaque, and are united into distinct layers : 
there are many singular varic-ties, different from any at Ascension. 
The obsidians are finely zoned, in quite straight or curved lines, with 
exceedingly slight differences of tint, of cellulority, and of more or less 
perfect degrees of glassiness. Tracing some of the less perfectly glassy 
zones, they are seen to become studded with minute white sphserulites, 
which become more and more numerous, until at last they unite and 
form a distinct layer: on the other hand, at Ascension, only the brown 
gphserulites unite and form layers ; the white Ones always being irre- 
gularly disseminated. Some specimens at the Geological Society, 
said to belong to an obsidian formation from Mexico, have an earthy 
Iraeture, and are divided in the finest parallel laminae, by specks of a 
black mineral, like tiie augiiic or hornbiendic specks in the rocks at 
Ascension. 
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seem to mark the passage, from the perfectly glassy to 
the stony and crystalline beds. Beudant’s account ' of 
his ‘perlite lithoide globulaire’ in every, even the 
most trifling particular, might have been written for 
the little brown sphserulitic globules of the rocks of 
Ascension. 

From the close similarity in so many respc'cts, l)e- 
tween the obsidian formations of Hungary, Mexico, 
Peril, and of some of the Italian islands, with that of 
Ascension, I can hardly doubt that in all these cases, 
the obsidian and the sphierulites owe their origin to a 
concretionary aggregation of the silica, and of some of 
tlie other constituent elements, taking place whilst the 
lic[uefied mass cooled at a certain required rate. It is, 
howev(^r, well known, that in several places, obsidian 
has flowed in streams like lava; for instance, at Teneriffe, 
at the Lipari Islands, and at Iceland.*^ In these cases, 
the superficial parts are the most perfectly glassy, the 
obsidian passing at the depth of a few feet into an opaque 
stone. In an analysis by Vauquelin of a specimen of 
obsidian from Hecla', which probably flowed as lava, the 
propiution of silica is nearly the same as in the nodular 
or concretionary olisidiaii from Mexico, It would be 
interesting to ascertain, whether the opaque interior 
portions and the superficial glassy coating contained 
the same proportional constituent parts : we know from 
M. Dufrenoy ^ that the exterior and interior parts of 
the same stream of lava sometimes differ considerably 
in their composition. Even should the whole body of 
the stream of obsidian turn out to be similarly com- 

’ Beudant’s ‘ Voyage/ torn, iii.p. 373. 

* For Teneriffe, see Von Buch/ Desoript. des Isles Canaries/ pp. 184 
and l&O ; for tho Lipari Islands, see Dolimieu’s ‘ Voyage/ p. 34 ; for 
Iceland, see Mackenzie’s ‘ Travels/ p. 369. 

* * IVUmoires pour servir a uno Boscript. Geolog. de la France/ tom. 
iv. p. 371. 
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posed with Dodular obsidian, it would only be necessary, 
in accordance with the foregoing facts, to suppose that 
lava in these instances had been erupted with its ingre- 
dients mixed in the same proportion, as in the concre- 
tionary obsidian. 

Lamination of volcanic rochs of the trachyfi'C series. 

We have seen that, in sc^'cral and widely distant 
countries, the strata alternating with beds of obsidian, 
are highly laminated. The nodules, also, botli large 
and small, of tlie obsidian, are zoned with different 
shades of colour; and I have seen a specimen from 
Mexico in Mr. Stokes’ collection, witli its external 
surface weathered' into ridges and furrows, correspond- 
ing with tlie zones of different degrt'cs of glassiness : 
Humboldt,® moreover, found on the Peak of Teneriffe, 
a stream of obsidian divided by very thin, alternating, 
layers of pumice. Many other lavas of the feldspathic 
series are laminated ; thus, masses of common trachyte 
at Ascension are divided by fine. earthy lines, along 
which the rock splits, separating thin layers of slightly 
different shades of colour; the greater number, also, of 
the embedded crystals of glassy feldspar are placed 
lengthways in the same direction.* Mr. P. Scrope® has 
described a remarkable columnar trachyte in the 
Panza Islands, which seems to have been injected into 
an overlying mass of trachytic conglomerate : it is 
striped with zones, often of extreme tenuity, of dif- 
ferent textures and colours; the harder and darker 

* MacCulloch eUitcs (‘ Classification of Kooks,’ p. 6.31), that tfio 
exposed surfaces of the pitchstonc dikes in Arran are furrowed, ‘ wit h 
undulating linos, resembling certain A^arieties of marbled paper, and 
which eTidcntly result from some corresponding difierence of laminar 
structure/ 

* VFersonal Narrative,’ vol. i. p. 222. 

* ‘Geological Transactions,* toL ii. (second series) p. 19.6. 
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zones appearing to contain a larger proportion of silica. 
In another part of the island, there are layers of pearl- 
stone and pitchstone, which in many respects resemble 
those of Ascension. The zones in the columnar trachyte 
are generally contorted ; they extend uninterruptedly 
for a great length in a vertical direction, and apparently 
parallel to the walls of tlie dike-like mass. Ton Biich^ 
has described at Teneritfe, a stream of lava containing 
innumerable, thin, plate-like crystals of feldspar, which 
Hxe arranged like white threads, one beliind the other, 
and which mostly follow the same direction. Dolimieu’-^ 
also states, that tlie gray lavas of the modern cone of 
Vulcano, wliich have a vitreous texture, are streaked 
witli parallel white lines : he further describes a solid 
pumict'-stono which possesses a fissile struct\ire, like 
that of certain micaceous schists. Plionolite, wltich I 
may observe is often, if not always, an injected rock, 
also, often has a fissile structure ; this is generally due 
to the parallel position of the embedded crystals of 
feldspar, but sometimes, as at Fernando Noronha, seems 
to be nearly independent of their presence.’** From 
these facts we see, that various rocks of feldspathic 
series have either a laminated or fissile structure, and 
that it occurs both in masses, which have been injected 
into overlying strata, and in others which have flowed 
as streams of lava. 

Tlie laminae of the I»eds, alternating witli the obsi- 
dian at Ascension, dip at a high angle under the moun- 

* * I)o«cription cles lies Canaries/ p. 184. 

® ‘ Voyaii^e aux Isles de LipJiri/ pp. a,> and 8o. 

’ In this ease, and in that of the fissile pumice-stone, the structure 
is very diflferent from that in the foregoing cases, where the laminne con- 
sist of alternate layers of different composition or texture. In some 
sedimentary formations, however, which apparently are homogeneous 
and fissile, as in glossy clay-slate, there is reason to believe, according 
to D’Aiibuisson, that the laminae are really due to excessively thin 
alternating, layers of mica. 
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tain, at tbe base of which they are situated ; and they 
do not appear as if they had been inclined by violence, 
A high inclination is common to these beds in Mexico, 
Peru, and in some of the Italian islands : ^ on the other 
hand, in Hungary, the layers are horizontal ; the 
laminte, also, of some of the lava-streams above refen^ed 
to, as far as I can understand the descriptions given 
of them, appear to be highly inclined or vertical, I 
doubt whether in any of these cases, the laminin have 
been tilted into their present position ; and in some 
instances, as in that of the trachyte described by Mr. 
Scrope, it is almost certain rhat they have been origin- 
ally formed with a high inclination. In many of these 
cases, there is evidence that the mass of liquefied rock 
has moved in the direction of the lamina?. At Ascen- 
sion, many of the air-cells have a drawn-out appearance, 
and are crossed by coarse semi-glassy fibres, in the 
direction of the lamina} ; and some of the layers, sepa- 
rating the splnerulitic globules, have a scored appear- 
ance, as if produced by the grating of the globules, I 
have seen a specimen of zoned obsidian from Mexico, 
in Mr. Stokes’ collection, with the surfaces of the best- 
defined layers streaked or furrowed with parallel lines ; 
and these lines or streaks precisely resembled tliose, 
produced on the surface of a mass of artificial glass by 
its having been poured out of a vessel, Humboldt, 
also, lias described little cavities, which he compares to 
the tails of comets, behind sphairulites in laminated obsi- 
dian rocks from Mexico, and Mr Scrope has descril)ed 
other cavities behind fragments embedded in his lami- 
nated trachyte, and which he supposes to have been 

* Soe Phillips’s ‘Mineralogy,’ for the Italian Islands, p. 136. Por, 
Mexico and Peru, see Huniholdt’s ‘ Essai Oeognostique.’ Mr. !IMwardfi, 
also, describes the high inclination of the obsidian rocks of the Cerro 
del in Mexico, in the ‘Proc. of the Geolog. Boc.’ for June, 1838. 
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produced duiing the movement of the mass.^ From 
such facts, most authors have attributed the lamination 
of these volcanic rocks to their movement whilst lique- 
fied. Although it is easy to perceive, why each separate 
air-cell, or each fibre in pumice-stone,^ should be drawn 
out in the direction of the moving mass ; it is by no 
means at first obvious why such air-cells and fibres 
should be arranged by the movement, in the same 
planes, in laminse absolutely straight and parallel to 
each other, and ofien of extreme tenuity; and still less 
obvious is it, wliy such layers should come to be of 
slightly difi'erent composition and of different textures. 

In endeavouring to make out the cause of the 
lamination of the igneous feldspathic rocks, let us 
return to the fircts so minutely described at Ascension. 
We there see, that some of the thinnest layers are 
chiefly formed by numerous, exceedingly minute, though 
perfect, crystals of difi’erent minerals; that other layers 
are formed by the union of different kinds of concre- 
tionary globules, and that the layers thus formed, often 
cannot be distinguished from the ordinary feldspathic 
and pitchstone layers, composing a large portion of the 
entire mass. The fibrous radiating structure of the 
sphajrulites seems, judging from many analogous cases, 
to connect the concretionary and crystalline forces ; the 
separate crystals, also, of feldspar all lie in the same 


' ‘ Geological Transactions,’ rol. ii. (second seri^^s) p. 200, &:c. These 
embedded fragments, in some instances, consist of the laminated 
trachyte broken olf and ‘enveloped in those parts, whiMi still re- 
mained liquid.’ Beudant, also, frequently rebrs, in his great work on 
‘ Hungary ’ (tom. iii. p, 386), to trachytic i’Oi‘ks, irregularly spotted with 
fragments of the same varieties, which in other parts form the parallel 
ribbons. In tliese cases, wo must suppose, that after part of the molten 
mass had assumed a laminaUKi structure, a fresh irruption of lava broke 
up the moss, and involved fragments, and that subsequently the whole 
became relamiuated. 

* Holimieu’s ‘ Voyage,’ p. 64. 
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parallel planes.^ These allied forces, therefore, have 
played an impoitant part in the lamination of the mass, 
hut they cannot he considered the primaiy force ; for 
the several kinds of nodules, both the smallest and the 
largest, are internally zoned with excessively fine shades 
of colour, parallel to the lamination of the whole ; and 
many of them are, also, externally marked in the same 
direction with parallel ridges and furrows, which have 
not been produced by weathering. 

Some of the finest streaks of colour in the stony 
layers, alternating with the obsidian, can be distinctly 
seen to be due to an incipient crystallisation of the 
constituent minerals. The extent to which the minerals 
have crystallised can, also, be distinctly seen to be 
connected with tlie greater or less size, and with the 
number, of the minute, flattened, creiiulated air-cavities 
or fissures. Numerous facts, as in the case of geodes, 
and of cavities in silicified wood, in primary rocks, and 
in veins, show that crystallisation is much favoured 
hy space. Hence, I conclude, that, if in a mass of 
cooling volcanic rock, any cause produced in parallel 
planes a number of minute fissures or zones of less 
tension, (whicli from the }>ent-up vapours would often 
be expanded into creiuilated air-cavities), the crystal- 
lisation of the constituent j)arts, and probably the for- 
mation of concretions, would be superinduced or much 
favoured in such planes ; and thus, a laminated struc- 
ture of the kind we are here considering would be 
generated. 

That some cause does produce parallel zones of less 

^ The formation, indeed, of a large crystal of any mineral in a rock 
of mixed composition implies an aggregation of the requisite atoms, 
allied to concretionary action, Tlie cause of the crystals of feldsjjtir in 
these TOt'ks of Ascension, being all placed lengthways, is probably the 
fwime with that which elongates and flattens all the brown sphaerulitic 
globules (which behave like feldspar under the blowpipe) in this same 
direction. 
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tension in volcanic rocks, during their consolidation, we 
must admit in the case of the thin alternate layers of 
obsidian and pumice described by Humboldt, and of 
the small, flattened, crennlated air-cells in the lami- 
nated rocks of Ascension ; for on no other principle can 
we conceive why tlie confined vapours should through 
tlieir expansion form air-cells or fibres in separate, 
parallel planes, instead of in*egularly throughout tlie 
mass. In Mr. Stokes’ collection, I have seen a 
beautiful example of this structure, in a specimen of 
obsidian from Mexico, which is shaded and zoned, like 
the finest agate, with numerous, straiglit parallel layers, 
more or less opaque and white, or almost perfectly 
glassy ; the degree of opacity and glassiness d(*pending 
on the number of microscopically minute, flattened 
air-cells ; in this case, it is scarcely possible to doubt 
but that the mass, to which the fragmeut belonged, 
must have been subjected to some, probably prolonged, 
action, causing the tcaision slightly to vary in the suc- 
cessive planes. 

Several causes appear capable of producing zones of 
different tension, in masses semi-li(|ueficd by heat. In 
a fragment of de vitrified glass, I have observed layers 
of sphacrulites which appeared, from the manner in 
which they were abruptly bent, to have been produced 
by the simple contraction of the mass in the vessel, in 
which it cooled. In certain dikes on mount Etna, de- 
scribed by M. Elie de Beamnont,^ as bordered by alter- 
nating bands of scoriaeeous and compact rock^ one is 
led to suppose that the sk-etching movement of the 
surrounding strata, which originally produced the 
fissures, continued wliilst the injected rock remained 
fluid. Guided, however, by Professor Forbes’^ clear 

^ ‘Mem. pour serrir.’ &:c., tom. ir. p. 131. 

* ‘Edinburgh New Phil. Journal/ 1842, p. 330, 
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description of the zoned structure of glacier-ice, far the 
most probable explanation of the laminated structure 
of these feldspatliic rocks appears to be, that they have 
been stretched wliilst slowly flowing onwards in a pasty 
condition,* in precisely the same manner as. Professor 
Forbes l)elieves, that the ice of moving glaciers is 
stretched and fissured. In both cases, the zones may 
be compared to those in the finest agates; in both, 
they extend in the direction in which the mass has 
flowed, and those exposed on the surface are generally 
vertical : in the ice, the porous larninsc are rendered 
distinct by the suhseipient congelation of infiltrated 
water, in the stony feldspaihic lavas, by subsequent 
crystalline and concretionary action. The fragment of 
glassy obsidian in Mr. Stokes’ collection, which is zoned 
with minute air-cells, must strikingly resemble, judging 
from Professor Forbes’ descriptions, a fragment of the 
zoned ice ; and if the rate of cooling and nature of the 
mass had been favourable to its crystallisation or to 
concretionary action, we should here have had the finest 
parallel zones of different composition and texture. 
In glaciers, the lines of porous ice and of rairmte 
crevices seem to be due to an incipient stretching, 
caused by the central parts of the frozen stream moving 
faster than the sides and bottom, which are retarded by 
friction : hence in glaciers of certain forms and towards 
the lower end of most glaciers, the zones become hori- 
zontal. May we venture to suppose that in the feld- 
spathic lavas with horizontal laminae, we see an analo- 
gous case? All geologists, who have examined trachytie 
regions^ have come to the conclusion, that the lavas of 

* I presume that this is nearly the same explanation which Mr. 
Scrope bad in his mind, when he speaks (‘ Geolog, Transact.’ rol, ii. 
second series, p. 228 ) of the ribboned structure of his trachytie rocks, 
having arisen, from ‘ a linear extension of the mass, while in a state of 
imperfect liquidity, coupled with a concretionary process.* 
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this series have possessed an exceedingiy imperfect 
fluidity; and as it is evident that only matter thus 
characterised would he subject to. become fissured and 
to be formed into zones of different tensions, in the 
manner here supposed, we probably see the reason why 
augitic lavas, whicli appear generalJy to have possessed 
a high degree of fluidity, are not,* like the feldspathic 
lavas, di\'idod into lamina^, of diflerent composition and 
texture. Moreover, in the augitic series, tliere never 
appears to be any tendency to concretionary action, 
which we have seen plays an important part in the 
lamination of rucks of the trachytic seri(.‘s, or at least in 
rendering that structure apparent. 

Whatever may be thought of the explanation here 
advanced of the laminated structure of tlie rocks of the 
trachytic series, I venture to call the attention of geolo-* 
gists to the simple fact, that in a body of rock at 
Ascension, undoubtedly of volcanic origin, layers often 
of extreme tenuity, quite straight, and parallel to each 
other, have been produced ; — some composed of distinct 
crystals of quartz and diopside, mingled with amorphous 
augitic specks and granular feldspar, — others entirely 
composed of these black augitic specks, with grannies 
of oxide of iron, --and lastly, others formed of crystal- 
line feldspm', in a more or less perfect state of purity, 
together with numerous crystals of feldspar, placed 
lengthways. At this island, there is reason to believe, 
and in some analogous cases, it is certainly known, that 
the lamime have originally been formed with their pre- 

* IJasaltic lavas, and many other roek6»aro not unfrequently divided 
into thick lamina* or plates, 'of the same composition, which are either 
straight or curved ; these being crossed by vertical lines of fissure, 
sometimes become united into columns. This structure seems reiatet), 
in its origin, to that by which many rocks, both igneous and 8edimentnr}\ 
become traversed by parallel systems of fissures. 

G 
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sent high inclination. Facts of this nature are mani- 
festly of importance, with relation to the structural 
origin of that grand series of plutonic rocks, which like 
the volcanic have undergone the action of heat, and 
which consists of alternate layers of quartz, fiddspar, 
mica, and other materials. 
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Lavas of ihr. feUhpathic, hnsalfk\ and s^thmarine series — Section Flag' 
staff Hill and of Ike Barn — Dikes — Turk's Cap and Prosperous Baps — 
Basaltic ring — Central eratfrifrerm ridge, tnith an internal ledge and a 
parapet — Cones of phonoUir — Sujterfivial baU of r aka reovs sandstone 
— Krtinct land -shells * Beds of detritus — LJUvotion of the land — 
Denudation — Cratei's of edevution. 

The whole island is of volcanic origin ; its circumference, 
according to Beatson,‘ is about twenty-eight miles. 
The central and largest part consists of rocks of a feld- 
spathic nature, generally decomposed to an extraordi- 
nary degree; and when in this state, presenting asingu- 
liir assemblage of alternating, red, purple, brown, yellows 
and wdiite, soft, argillaceous beds. From tlie shortness 
of our visit, I did not examine these beds with care ; 
som(‘ of them, especially those of 'the white, yellow, 
and brown shades, originally existed as stre-ams of lava, 
but the greater numl>er were probably ejected in the 
form of scorioB and ashes: other beds of a purple tint, 
porphyritic with crystal-shaped patches of a white, soft 
substance, which are now unctuous, and yield, like 
wax, a polished streak to the nail; seem once to have 
existed as solid claystone-porphyries : the red argil- 
laceous beds generally have a Vu’ecciated structure, and 
no doubt have been formed by the decomposition of 

‘ Governor Beatson’s ‘Account of St. Helena.* 
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scoriae. Several extensive streams, however, belonging 
to this series, retain their stony character ; these are 
either of a blackish -green colour, with minute acieular 
crystals of feldspar, or of a very pale tint, and almost 
composed of minute, often scaly, crystals of feldspar, 
abounding with microscopical black specks ; they are 
generally compaet and laminah^d ; others, Imwevc-r, of 
similar composition, are cellular and somewhat decom- 
posed. None of these rocks contain large crystals t.>f 
feldspar, or have the harsh fracture peculiar to traeliyte. 
These feldspathic lavas and tuffs are the uppermost or 
those la^t erupted ; innumerable dikes, howe\ er, and 
great masses of molten I'ock, have subsofjuently been 
injected into them. They converge, as they rise, 
towards the central curved ridge, of which one point 
attains the elevation of 2,700 feet. This ridge is the 
highest land in the island ; and it once formed the 
northern rim of a great crater, whence the lavas of this 
series flowed : from its ruined condition, from the 
southern half having been removed, and from the 
violent dislocation Avliich the whole island has under- 
gone, its structure is rendered veiy obscure. 

Basaltic series . — The margin of this island is 
formed by a rude circle of great, black, stratified, ram- 
parts of basalt, dipping seaward, and worn into cliffs, 
which are often nearly perpendicular, and vary in 
height from a few hundred feet to two thousand. 
This circle, or rather horse-shoe shaped ring, is open to 
the south, and is breached by several otlier wide spaces. 
Its rim or summit generally projects little above the 
level of the adjoining inland country; and the more 
recent feldspathic lavas, sloping down from the central 
heights, generally abut against and overlap its inner 
margin ; on the north-western side of the island, how- 
ever, they appear (judging from a distance) to have 
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flowed over and concealed portions of it. In some 
parts, where the basaltic ring had been breached, and 
the black ramparts stand detached, tlie feldspathic 
lavas have passed between them, and now overhang 
the sea-coast in lofty cliffs. The basaltic rocks are of a 
black colour and thinly stratified ; tliey are generally 
highly vesicAilar, but occasionally compact ; some of 
them contain numerous crystals of glassy ftddspar and 
octahedrons of iitaniferhus iron ; others abound Avith 
crystals of augite and grains of olivine. The vesicles 
are fre([uently lined with minute crystals (of chabasie?) 
and even become amygdaloidal with them. The 
streams are separated from each other by cindery 
matter, or by a bright red, friable, saliferous tuff, which 
is marked by successive lines like those of aqueous 
deposition; and sometimes it has an ob.scure, concre- 
tionary structure. The rocks of this l^asaltic series 
occur nowhere except near the coast. In most volcanic 
districts the trachytic lavas are of anterior origin to the 
basaltic; but here we see, that a great pile of rock, 
closely related in composition to the trachytic family, 
has been erupted subsequently to the basaltic strata : 
the number, however, of dikes, abounding with large 
crystals of augite, with which the feldspathic lavas have 
been injected, shows perhaps, some tendency to a re- 
turn to the more usual order of superposition. 

Basal submar hie lavas , — The lavas of this basal 
series lie immediately beneath both the ba«altic and 
feldspathic rocks. According to Mr. Seale,* tliey may 
be seen at intervals on the sea-beach round the entire 
island. In the sections Avhich I examined, their nature 
varied much ; some of the strata abound with crystals of 

‘ ‘ Geognosy of the Inland of St. Helena.’ Mr. Seale lias con^ 
Ptructed a eigjintie model of St. Helena, well worth vibitiiig, which is 
now deposited at Addiscombe College, in Surrey, 
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aiigite ; others are of a brown colour, either lami- 
nated or in a rubbly condition ; and many parts are 
highly amygdaloidal with calcareous matter. Tht? 
successive sheets are either closely united together, or 
are separated from each other by beds of scoriaceous 
rock and of laiuiiiated tuff, frequently containing well- 
rounded fragments. The interstices of these beds ar(^ 
tilled with gypsum and salt ; the gypsum also sometimes 
occurring in thin layers. Prom the large quantity of 
these two sul»stances, from the presence of rounded 
pebbles in the tuffs, and from the abundant amygdaloids, 
I cannot doubt that these basal volcanic strata flowed be- 
neath the sea. This remark ought perhaps to be extended 
to a part of the superincumbent basaltic rocks ; but on 
this point, 1 was not able to obtain clear evidence. The 
strata of tlie basal series, whenever I examined them, 
were intersected by an extraordinary number of dikes. 

Flags faff Hill and the Bam . — I will now describe 
some of the more remarkable sections, and will com- 
mence with these two hills, which form the principal 
external feature on the north-eastern side of the island. 
The square, angular outline, and black colour of the 
Barn, at once show that it belongs to the basaltic 

Ko. 8. 



The double liuea represent the Ivasaltic strata ; the sinple, the basal submorinr strata ; 
the dotted, tlio upper teldspathic btrata ; the dikes are shaded transversely. 

series; whilst the smooth, conical figure, and the 
varied bright tints of Flagstaff Hill, render it c<iually 
clear, that it is composed of the softened, feldspathic 
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rocks. These two lofty hills are connected (as is shown 
in the accompanying woodcut) by a sharp ridge, 
which is composed of the rubbly lavas of the basal 
series. The strata of this ridge dip westward, the in- 
clination becoming less and less towards the Flagstaff ; 
and the upper feldspathic strata of this hill can be seen, 
though with some difficulty, to dip conformably to the 
WSW. Close to the Barn, the strata of the ridge are 
nearly vertical, but are much obscured by innumerable 
dikes ; under this hill, they prcSbably change from being 
vertical into being inclined into an opposite direction ; 
for the upper or basaltic strata, which are about 800 
or 1,000 feet in tliickiiess, are inclined north-eastward, 
at an angle between thirty and forty degrees. 

This ridge, and likewise the Barn and Flagstaff Hills, 
are interlaced by dikes, many of which preserve a re- 
markable parallelism in a NNW. and 8SE. direction. 
The dikes chiefly consist of a ro(‘k, porphyritic with 
large crystals of aiigite ; others are formed of a fine- 
grained and brown-coloured trap. Most of these dikes 
are coated by a glossy layer,* from one to t wo-tenths of 
an inch in thickness, which, unlike true pitchstone, 
fuses into a black enamel ; this layer is evidently ana- 
logous to the glossy superficial coating of many lava 
streams. The dikes can often be followed for great 
lengths both horizontally and vertically, and they seem 
to preserve a nearly uniform thickness Mr. Seale 


’ Thinoircu instance has been observed (Lyell, ‘ Principles of Geology,’ 
vol. iv. chap. x. p. 9) in the dikes of the Atrio del Cavallo, but appa- 
rently it is not of very common occurrence, tSirG. Mackenzie, however. 
States (‘ Travels in Iceland ' p. 372,) that all the veins in Iceland have a 
‘ black vitreous coating on their sides.’ Capt. Carmichael, speaking 
of the dikes in Tristan D’Acunha, a volcanic island in the southern 
Atlantic, says (‘ Liiituean Transactions,’ vol. xii. p, 485) that their sides, 
‘ where they come in contact with the rocks, are invariably in a semi- 
vitrified state.’ 

* ‘ Geognosy of the Island of St. Helena,’ plate 5. 
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states, that one near the Bam, in a height of 1 ,260 feet, 
decreases in width only four incdies, — from nine feet at 
the bottom, to eight feet and eiglit inches, at the top. 
On tlie ridge, the dikes appear to have been guided in 
their course, to a considerable degree, by ti)e alterna- 
ting soft and hard strata : they are often firmly united 
to tlie harder strata, and they preserve their paral- 
lelism for such great lengths, that in very many in- 
stances it was impossilde to conjecture, which of the 
beds were dikes, and which streams of lava. The dikes, 
though so numerous on this ridge, are even more 
numerous in the valleys a litt.le south of it, and to a 
degree J never saw equ.alled anywhere else : in these 
valleys they extend in less regular lines, covering the 
ground with a network, like a spiders web, and with 
some parts of the surhice even appearing to consist 
wliolly of dikes, interlaced by other dikes. 

From the complexity produced by the dikes, from 
the high inclination and anticlinal dip of the strata of 
the basal series, which are overlaid, at the opposite 
ends of the short ridge, t)y two great masses of different 
ages and of different composition, 1 am not surprised 
that this singular section has been misunderstood. It 
has even been supposed to form jjart of a crater ; but 
so far is this from having been the case, that th(i summit 
of Flagstaff Hill once formed the lower extremity of a 
sheet of lava and ashes, which were erupted froiQ the 
central, crateriform ridge. Judging from the slope of 
the contemporaneous streams in an adjoining and un- 
disturbed part of the island, the strata of the Flagstaff 
Hill must have been upturned at least twelve hundred 
feet, and probably much more, for the great truncated 
dikes on its summit show that it has been largely 
denuded. The summit of this hill now nearly e(pials 
in height the crateriform ridge; and before having 
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been denuded, it was probably higher than this ridge, 
from which it is separated by a broad and much lower 
tract of country; we here, therefore, see that the lower 
extremity of a set of lava-streams have been tilted up 
to as great a lieight as, or perhaps greater height than, 
the crat(‘r, down the flanks of wl)ic]i tliey originally 
flowed. I believe that dislocations on so grand a scale 
are extremely rare ^ in volcanic districts. TJie forma- 
tion of sucli numbers of dikes in this part of the island 
shows that the surface must here liave been stretched to a 
quite extraordinary degree : this stretching, on the ridge 
between Fiagstatf and Barn Hills, probably took place 
subsequently (thougli perhaps immediately so) to the 
strata being tilted ; for had the strata at that time 
extended liorizontally, they would in all probability 
liave be('n fissured and injected transversely, instead of 
in the planes of their stratification. Although the 
space between the B(trn and Flagstaff Hill presents a 
distinct anticlinal line extending north aiul south, and 
though most of the dikes range with much regularity 
in the same line, nevertheless, at only a mile due south 
of the ridge the strata lie undisturbed. Hence the 
disturbing force seems to have acted under a point, 
neither than along a line. The manner in which it lias 
acted, is probably explaine<l by tlie structure of Little 
Stony-top, a mountain 2,000 feet high, situated a few 
miles southward of the Barn ; we there see, even from 
a distance, a dark-coloured, sharp, wedge of compact 
columnar rock, with tlie bright-coloured feldspathic 
strata, sloping away on eacli side from its uncovered 
apex. This wedge, from which it derives its name of 
Stony-top, consists of a body of rock, which has been 

‘ M. Constaut Prevosfc (‘ de la Soc. G^olog.’ tom. ii) 

that ‘ lf>H prodiiits volcankjnes ii’oiit qu<' localoinent et rnromeTit memo 
derjuig^ le sol, k trayers lequcl ils se sont fait jour.’ 
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injected whilst licjuehed into t])e overlying strata ; and 
if we may suppose that a similar body of rock lies in- 
jected, beneatli the ridge connecting the Barn and Hag- 
staff, the structure there exhibited would be explained. 

Turk's Cap and Prosperous Bays. — Prosperous 
Hill is a great, black, precipitous mountain, situated 
two miles and a half soutli of the Barn, and composed, 
like it, of basaltic strata. These rest, in one part, on 
the brown-coloured, porphyritic beds of the basal series, 
and in another part, on a fissured mass of highly sc(U'i- 
aceous and amygdaloidal rock, which seems to have 
formed a small point of eruption beneath tlie s(.'a, con- 
temporaneously witli the basal series. Prosperous Hill, 
like the Barn, is traversed by many dikes, of wliicli the 
greater number range north and south, and its strata 
dip, at an angle of about 20"^, rather obliquely from the 
island towards tJie sea. The space between Prosperous 
Hill and the Barn, as represented in this woodcut, con- 
sists of lofty cliffs, composed of the lavas of the upper 

No. 9. 
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Prosperous Hill. The Itini. 

The double lines represent the basaltic strata ; the single, the basal Bubmarine strata; 
the dotted, the upper feldsputhic stratui 


or felds^pathic series, which rest, though unconform- 
ably, on the basal submarine strata, as we have seen 
that they do at FJagstafl' Hill. But differently from 
what occurs in that hill, these upjier strata are nearly 
horizontal, gently rising towards the interior of the 
island; they are also composed of greenish-black, or 
more commonly, pale brown, compact lavas, instead of 
softened and highly coloured matter. These brown- 
coloured, compact lavas, consist almost entirely of small 
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glimmering scales, or of minute acicular crystals, of 
feldspar, placed close by the side of each other, and 
abounding with minute black specks, apparently of 
hornblende. The basaltic strata of Prosperous Hill 
project only a little above the level of the gently-sloping, 
feldspathic streams, which wind round and abut agaimst 
their upturned edges. The inclination of the basaltic 
strata seems to be too great, to have been caused by 
tlieir having flowed down a slope, and they must have 
l)een tilted into their present position before the erup- 
tion of the feldspathic streams. 

Basaltic rmy , — Proceeding nmnd the island, the 
lavas of the upper series, southward of Prosperous Hill, 
overhang the sea in lofty precipices. Further on, the 
headland, called Great Stony-top, is composed, as I 
believe, of basalt ; as is ]jong Kange Point, on tlie 
inland side of which, the coloured beds abut. On the 
southern side of the island, we s(‘e the basaltic strata of 
the South Barn, dipping obli(|uely seaward at a con- 
siderable angle; this headland, also, stands a little 
above the level of the more modem, feldsyjathic lavas. 
Further on, a large space of coast, on each side of Sandy 
Bay, has been much demuk‘d, and there seems to be 
left only the basal wreck of the great, central crater. 
The basaltic strata reappear, with their seaward dip, at 
the foot of the hill called ]Man-and-Horse ; and thence 
they are continued along the whole north-western coast 
to Sugar-Loaf Hill, situated near to the Flagstaff; and 
they everywhere have the same seaward inclination, 
and rest, in some parts at least, on the lavas of the basal 
series. We thus see that the circumference of the 
island is formed by a much-broken ring, or rather a 
horse-shoe, of basalt, open to the south, and interrupted 
on the eastern side by many wide breaches. The 
breadth of this marginal fringe on the north-western 
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side, where alone it is at all perfect, appears to vary 
from a mile to a mile and a half. The basaltic strata, 
as well as those of the subjacent basal series, clip, with 
a moderate inclination, where they have not been sub- 
sequently disturbed, towards the sea. The more broken 
state of the basaltic ring round the eastern lialf, com- 
pared with the western half of the island, is evidently 
due to the mucli greater denuding power of the waves 
on the eastern or windward side, as is shown by the 
greater height/ of the cliffs on that side, than to leeward. 
Whether tlie margin of basalt was breached, before or 
after the eruption of the lavas of tlm upper series, is 
doubtful : but as separate portions ot‘ t])e basaltic ring 
appear to have ))een tilted l)eforo that event, and from 
other reasons, it is more probable, that/ some at least of 
the breaclies were first formed. Koconstructing in 
imagination, as far as is possible, the ring of basalt, the 
internal space or hollow, which has since been filled up 
wuth the matter erupted from the great central crater, 
appears to have been of an oval figure, eight or nine 
miles in length by about four miles in breadth, and 
with its axis directed in a NE. and SW. line, coincident 
with the present longest axis of the island. 

The cerdral curved ridge . — This ridge consists, as 
before remarked, of gray feldspatbic lavas, and of red, 
brecciated, argillaceous tuffs, like the beds of the upper 
coloured series. The gray lavas contain numerous, 
minute, black, easily fusible specks ; and but very few 
large crystals of feldspar. They are generally mucli 
softened ; with* the exception of this character, and of 
being in .many parts higlily cellular, thtjy are quite 
similar to those great sheets of lava wdiich overhang 
the coast at Prosperous Bay. Considerable intervals 
of time appear to have elapsed, judging from the 
marks of denudation, between the formation of the 
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successive beds, of wliicli thivS rid^e is composed. On 
the steep northern slope, I observed in several sections 
a much worn undulating surface of red tuff, covered 
by gray, decomposed, feldspathic lavas, with only a 
thin earthy layer interposed between them. In an 
adjoining part, I noticed a trap-dike, four feet wide, 
cut off and covered up by the feldspathic lava, as is 
represented in the woodcut. The ridge ends on the 
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Dikk. 

1— -Gray ffldsjpathio Inva. 

2— A Ih.y't, one itn h in thickno^y, of a rcddi.sli cnrtiiy matter. 

Breociat(j<.1, reil, argUlaceous tufY. 

eastern side in a hook, which is not represented clearly 
enough in any map which I have seen ; towards the 
western end, it gradually slopes down and divides into 
several subordinate ridges. The hesf^ detiiied portion 
between Diana’s Peak and Nest Lodge, which supports 
the highest pinnacles in the island varying from 2,000 
to 2,700 feet, is rather less than three miles long in a 
straight line. Throughout tliis space the ridge has 
a uniform appearance and structure ; its curvature 
resembles that of the eoast-line of a great bay, being 
made up of many smaller curves, all open to the south. 
The northern and outer side is supported by narrow 
ridges or buttresses, which slope down to the adjoining 
country. The inside is much steeper, arid is almost pre- 
cipitous ; it is formed of the basset edges of the strata, 
which gently decline outwards. Along some parts of 
the inner side, a little way beneath the summit, a flat 
ledge extends, which imitates in outline the smaller 
curvatures ot the crest. Ledges of this kind occur 
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not unfrequently witbin volcanic craters, and their 
formation seems to be due to the sinking down of a 
level slieet of hardened lava, the edges of whicli re* 
main (like the ice round a pool, from which the water 
has been drained) adhering to the sides.^ 

In some parts, tlie ridge is surmounted by a wall 
or parapet, perpendicular on })oth sides. Near Diana’s 
Peak this wall is extremely narrow. At the Galapagos 
Archipelago I observed parapets, liaving a quite similar 
structure and appearance, surmounting several of tl)e 
craters; one, which I more particularly examined, 
was composed of glossy, red scorise firmly connected 
together ; being externally perpendicular, and extend- 
ing round nearly the wliole cinnimh'rence of the crater, 
it rendered it almost inaccessible. The Peak of Tene- 
riffe and Cotopaxi, according lo Humboldt, are similarly 
constructed ; he states ^ that ^ at tlieir summits a cir- 
cular wall surrounds the crater, which wall, at a 
distance, has the appearance of a small cylinder placed 
on a truncated cone. On Cotopaxi ® this peculiar 
structure is visible to the naked eye at more than 
2,000 toises’ distance ; and no person has ever reached 
its crater. On the Peak of Tencriffe, the parapet is so 
high, that it would be impossible to reach the caldera., 
if on the eastern side there did not exist a breach.’ 
The origin of these circular parapets is probably due 
to the heat or vapours from the crater, penetrating 
and hardening the sides to a nearly equal depth, and 
afterwards to the mountain being slowly acted on by 
the weather, w^bich would leave the hardened part, 

* A roost rcmarbible insttincc of this structure is described in Ellis’s 
‘Polynesian Kesearchgs’ (second edit.), whore an adroimblo drawing is 
given of the successive ledges or terraces, on the borders of the immense 
crater at Haw^aii, in the Sandwich Islands. 

^ ‘Personal Narrative/ vol. i. p. 171. 

* Humboldt’s ‘ Picturesque Atlas/ folio, pi. 10. 
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projecting in the form of a cylinder or circular 
parapet. 

From the points of structure in the central ridge, 
now enumerated, — namely, from the convergence to- 
wards it of the beds of the upper series, — from the 
lavas there becoming In'ghly cellular, — from the flat 
ledge, extending along its inner and precipitous side, 
like that within some still active craters, — from the 
parapet-like wall on its summit, — and lastly, from its 
peculiar curvature, unlike that of any common line 
of elevation, I cannot doubt that this curved ridge 
forms the last remnant of a great crater. In endeavour- 
ing, however, to trace its former outline, one is soon 
baffled; its western extremity gradually slopes down, 
and, brandling into other ridges, extends to the sea- 
coast ; the eastern end is more curved, but it is only 
a littk^ better defined. Some apjiearanc^es lead me to 
suppose that the southern wall of the crater joined the 
present ridge near Nest J.<odge; in tliis case tlie crater 
must have been nearly three miles long, and about a 
mile and a half in breadth. Had the denudation of 
tlie ridge and the decomposition of its constituent 
rocks proceeded a few steps fartlier, and had this ridge, 
like sc'-veral other parts of the island, been broken up 
by great dikes and masses of injected matter, we should 
in vain have endeavoured to discovtT its true nature. 
Even now we have seen that at Hagstalf Hill the 
lower extremity and most distant portion of one sheet 
of tiie erupted matter lias lieon uplieaved to as great a 
height as the crater down whicli it flowed, and pro- 
bably even to a greater height. It is interesting thus 
to trace the steps by which the structure of a volcanic 
district becomes obscured, and Anally obliterated : so 
near to this last stage is St. Helena, that I believe no 
one has hitherto suspected that the central ridge or 
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axis of the island, is the last wreck of the crater, 
whence the most modern volcanic streams were poured 
forth. 

The great liollow space or valley southward of the 
central curved ridge, across whicli the half of the crater 
must once have extended, is h>rined of bare, watei- 
worn hillocks and ridges of red, yellow, and brown 
rocks, mingled together in cliaos-like confusion, inter- 
laced by dikes, and witliout any regular stratilication. 
The chief part ccnisists of red decomposing scoria^ 
associated with various kinds of tuif and yellow argil- 
laceous beds, full of broken crystals, tliose of augite 
being particularly large. Here and there masses of 
highly cellular and amygdaloidal lavas protrude. From 
one of the ridges in the midst of the valley, a conical 
precipitous hill, called Lot, boldly stands up, and forms 
a most singular and conspicuous object. It is com- 
posed of phonolite, divided in one part into great 
curved lamiiue, in another, into angular concretionary 
balls, and in a tliird part into outwardly radiating 
columns. At its bas(j tlie strata of lava, tuff, and 
scoriae, dip away on all sides ; * tlie uncovered portion 
is 197*'^ feet in height, and' its horizonal section gives 
an oval figure. The ])honolite is of a green isli -gray 
colour, and is full of minute acicular crystals of 
feldspar ; in most parts it has a conclioidal fracture, 
and is sonorous, yet it is cremilated with minute air- 
cavities. In a' SW. direction from Lot, there ar(.^ 
some other remarkable columnar pinnacles, but of a 


* Abich, in his ‘ Views of Vesuvius ’ (plate vi.), has shown tl)o manner ' 
in which beds, under nearly similar eircunisUinces, are tilted up. Tho 
upper beds aro more turned up than the lower, and he accounts for 
this, by showing that the lava insinuates itself horizontally between 
the lower beds. 

* This height is given by Mr. Seale, in his Geognosy of the island. 
The height of the summit above the level oi the sea, is said to bo 1,441 
feet. 
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less regular shape, uamely. Lot's Wife, aud the Asses’ 
Ears, composed of allied kinds of rook. From their 
flattened shape, and their relative position to each 
other, they are evidently connected on the same line of 
fissure. It is, moreover, remarkable that tliis same 
NE, and SW. line, joining Lot and Lot’s Wife, if 
prolonged, would intersect Flagstaff Hill, wliich, as 
before stated, is crossed by numerous dikes running 
in this direction, and which has a disturbed structure, 
rendering it probable that a great body of once fluid 
rock lies injected beneath it. 

In this same great valley there are several other 
conical masses of injected rock (one, I observed, was 
composeii of compact greenstone), some of which are 
not connected, as far as is apparent, with any line of 
dike ; whilst others are obviously thus connected. Of 
these dikes, three or four great lines stretch across the 
valley in a NE. and SW. direction, parallel to that 
one connecting the Asses’ Ears, Lot’s A"ife, and pro- 
bably Ix>t. The number of these masses of injected 
rock is a remarkable feature in the geology of St. 
Helena. Besides those just mentioned, and the hypo- 
thetical one beneath Flagstaff Hill, tliere is Little 
Stony-top and others, as I have reason to believe, at 
the Man-and-Horse, and at High Hill. Most of these 
masses, if not all of them, have been injected subse- 
quently to the last volanic eruptions from the central 
crater. The formation of conical bosses of rock on 
lines of fissure, the walls of which are in most cases 
parallel, may probably bo attributed to inequalities in 
the tension, causing small transverse fissures ; and at 
these points of intersection the edges of the strata 
would naturally yield, and be easily turned upwards. 
Finally, I may remark, that hills of phonolite every- 

H 
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where are apt* to assume singular and even grotesque 
shapes, like that of Lot : the peak at Fernando Noronha 
offers an instance ; at St. Jago, however, the cones 
of phonolite, though tapering, have a regular form. 
Supposing, as seems probable, that all such hillocks 
or obelisks have originally been injected, whilst 
liquefied, into a mould formed by yielding strata, as 
certainly has been the case with Lot, how are we to 
account for the frequent abruptness and singularity of 
their outlines, compared with similarly injected masses 
of greenstone and basalt? Can it be due to a less 
perfect degree of fluidity, which is generally supposed 
to be characteristic of the allied trachytic lavas ? 

Superficial deposits ., — Soft calcareous sandstone 
occurs in extensive, though thin, superficial beds, both 
on the northern and southern shores of the island. 
It consists of very minxite, equal-sized, roufided particles 
of shells, and other organic bodies, which partially 
retain their yellow, brown, and pink colours, and oc- 
casionally, though very rarely, present an obscure trace 
of their original external forms. I in vain endeavoured 
to find a single unrolled fragment of a shell. The 
colour of the particles is the most obvious characteT 
by which their origin can be recognised, the tints 
being affected (and an odour produced) by a moderate 
heat, in the same manner as in fresh shells. The par- 
ticles are cemented together, and are mingled with 
some eartby matter : the purest masses, according to 
Beatson, contain 70 per cent, of carbonate of lime. 
The beds, varying in thickness from two or tliree feet 
to fifteen feet, coat the surface of the ground ; they 
generally lie on that side of the valley which is pro- 
tected from the wind, and they occur at the height 

> B’Aubmsson, in his * Traite dc Geognosie ’ (tom. ii. p, 640), particu- 
larly remarks that this is the case. 
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of several hundred feet above the level of the sea. 
Th^ir position is the same^ which sand, if now drifted 
by the trade-wind, would occupy ; and no doubt they 
thus originated, which explains the equal size and 
minuteness of the particles, and likewise the entire 
absence of whole shells, or even of moderately-sized 
fragment. It is remarkable that at the present day 
there are no shelly beaches on any part of the coast, 
whence calcareous dust could be drifted and winnowed ; 
we mUsSt, therefore, look back to a former period when 
before the land was worn into the present g7*eat 
precipices, a shelving coast, like that of Ascension, 
was favourable to the accumulation of shelly detritus. 
Some of the l>ed8 of this limestone are between 600 
and 700 feet above the sea; but part of this height 
may possibly be due to an elevation of the land, sub- 
sequent to the accumulation of the calcareous sand. 

The percolation of rain-water has consolidated parts 
of these beds into a solid rock, and has formed masses 
of dark brown, stalagmitic limestone. At the Sugar- 
Loaf quarry, fragments of rock on the adjoining slopes,* 
have been thickly coated by successive fine layers of 
calcareous matter. It is singular, that mfiny of these 
pebbles have their entire surfaces coated, without any 
point of contact having been left uncovered ; hence, 
these pebbles must have been lifted up by the slow 
deposition between them of the successive films of car- 
bonate of lime. Masses of white, finely oolitia rock are 
attached to the outside of some of these coated pebbles. 


* In the earthy detritus on f^overal parts of tins hill, irregular 
maseea of very impure, crystalliHed sulphate of lime occur. As this 
substance is now being abundantly deposited by the surf at Ascension, 
it is possible that these masses may thus have originated ; but if so, it 
must have been at a period when the land stood at a much lower level. 
This earthy selenite is now found at a height of between 600 and 700 
feet. 
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Von Buch has described a compact limestone at 
Lanzarote* which seems perfectly to resemble the sta- 
lagmitic deposition just mentioned : it coats pebbles, 
and in parts is finely oolitic : it forms a far- extended 
layer, from one inch to two or three feet in thickness, 
and it occurs at the. height of 800 feet above the sea, 
but only on that side of the island exposed to the violent 
north-western winds. Von Buch remarks,* that it is 
not found in hollows, but only on the unbroken and 
inclined surfaces of the mountain. He believes, that 
it has been deposited by the spray which is borne over 
the whole island by there violent winds. It appears, 
however, to me muck more probable that it has been 
formed, as at 8t, Helena, by the percolation of water 
through finely comminuted shells: for when sand is 
blown on a much exposed const, it always tends to accu- 
mulate on broad, even surfaces, which offer a uniform 
resistance to the wdnds. At the neighlx>uring island, 
moreover, of P'eurteventura,® there is an earthy lime- 
stone, which, according to Von Buch, is quite similar 
to specimens which he has seen from St. Helena, and 
which he believes to have iKicn formed by the drifting 
of shelly detritus. 

The upper beds of the limestone, at the above- 
mentioned quarry on the Sugar-Loaf Hill, are softer, 
finer-grained and less pure, than the lower beds. They 
abound with frj^fments of land-shells, and with some 
perfect ones ; they contain, also, the bones of birds, and 
the large eggs,® apparently of water-fowL It is pro- 
bable that these upper beds remained long in an uncon- 

* * Description des Isles Canaries/ p. 293. 

’ Idem, pp. 314 and 374. 

• Colonel Wilkes, in a cjitalogne presented with some specimens to 
the G-eological Society, states that as many as ten eggs wore found by 
oao person. Dr. Buckland has remarked {‘ Geolog. Trans/ vol. v. p. 4741 
00 these eggs. 
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solidated form, during which time, these ten'estrial 
productions were embedded. Mr. G. R. Sowerby has 
kindly examined three species of land-shells, which I 
procured from this bed, and his descriptions are given 
in the Appendix. One of them is a Succinea, identical 
with a species now living abundantly on the island ; 
the two others, namely, Cocklogena fossilis and Helicc 
biplicata^ are not known in a recent state : the latter 
species was also found in another and difif'erent locality, 
associated with a species of Cochlogena which is un- 
doubtedly extinct, 

Beds of extinct landnshelh. — Land-shells, all of 
which appear to be species now extinct, occur embedded 
in earth, in several parts of the island. The greater 
number have been found at a considerable height on 
Flagstaff Hill. On the NW. side of this bill, a rain- 
channel exposes a section of about twenty feet in thick- 
ness, of which the upper part consists of black vegetable 
mould, evidently washed down from the heights above, 
and the lower part of less black earth, abounding with 
young and old shells, and with their fragments : part 
of this earth is slightly consolidated by calcareous 
matter, apparently due to the partial decomposition of 
some of the shells. Mr. Seale, an intelligent resident, 
wlio first called attention to these sliells, gave me a 
large collection from another locality, where the shells 
appear to have been embedded in very black earth. 
Mr. G. R. ^Sowerby has examined these shells, and has 
described them in the Appendix. There are seven 
species, namely, one Cochlogena, two species of the 
genus Cochlicopa, and four of Helix ; none of these are 
known in a recent state, or have been found in any 
other country. The smaller species were picked out of 
the inside of the large shells of the Cochlogena aims-- 
This last-mentioned species is in many 
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respects a very singular one ; it was classed, even by 
Lamarck, in a mai'ine genus, and having thus been 
mistaken for a sea-shell, and the smaller accompanying 
species having been overlooked, the exact localities 
where it was found have been measured, and the eleva- 
tion of this island thus deduced ! It is very remarkable 
that all the shells of this species found by me in one 
spot, form a distinct variety, as described by Mr. 
Sowerby, from those procured from another locality by 
Mr. Seale. As this Cochlogena is a large and con- 
spicuous shell, I particularly enquired from several 
intelligent countrymen whether they had ever seen it 
alive ; they all assured me that tlioy had not, and they 
would not even believe that it was a land animal : Mr. 
Seale, moreover, who was a collector of shells all his 
life at St. Helena, never met with it alive. Possibly 
some of the smaller si^ecies may turn out to be yet 
living kinds ; but, on the other hand, the two land-shells 
which are now living on the island in great numbers, 
do not occur embedded, as far as it is yet known, with 
the extinct species. I have shown in my Journal,^ that 
the extinction of these land-shells possibly may not he 
an ancient event ; as a great change took place in the 
state of the island about 120 years ago, when the old 
trees died, and were not replaced by young ones, these 
being destroyed by the goats and hogs, which had run 
wild in numters, from the year 1 502, Mr. Seale states, 
that on Flagstaff Hill, where we have seen that the 
embedded land-shells are especially numerous, traces 
are everywhere discoverable, which plainly indicate 
that it was once thickly clothed with trees ; at present 
not even a bush grows there. The thick bed of black 
vegetable mould which covers the shell-bed, on the 


* ‘ Journal of Kesearches,’ 1845, p. 489. 
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flanks of this hill, was probably washed down from the 
upper part, as soon as the trees perished, and the shelter 
afforded by them was lost. 

Elevation of the land . — Seeing that the lavas of 
the basal series, which are of submarine origin, are 
raised al)ove the level of the sea, and at some places to 
the height of many hundred feet, I looked out for 
superficial signs of the elevation of the land. The 
bottoms of some of the gorges, which descend to the 
coast, are filled up to the depth of about a hundred 
feet, by rudely divided layers of sand, muddy clay, and 
fragintmtary masses; in these beds, Mr. Seale has found 
the bones of the troj)ic-bird and of the albatross ; the 
former now rarely, and the latter never visiting the 
island. From the difference between these layers, and 
the sloping piles of detritus which rest on them, I 
suspect that they were deposited, when the gorges stood 
beneath the sea. Mr. Seale, moreover, has shown that 
some of the fissure4ike gorges,* become, wdth a concave 
outline, gradually rather wider at the bottom than at 
the top ; and this peculiar structure was probably 
caused by the wearing action of the sea, when it entered 
the lower pai-t of these gorges. At greater heights, 
the evidence of the rise of the land is even less clear : 
nevertheless, in a bay-like depression on the table-land 
behind Prosperous Bay, at the height of about 1 ,000 
feet, there are flat-topped masses of rock, which it is 
scarcely conceivable, could have been insulated from 
the surrounding and similar strata, by any other agency 
than the denuding action of a sea-beach. Much denu- 
dation, indeed, has been effected at great elevations, 
which it would not be easy to explain by any other 
means; thus, the flat summit of the Bam, which is 

' A fissure-like gorge, near Stony-top, is said by Mr. Seale to be 840 
feet deep, and only 116 feet iu width. 
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2,000 feet high, presents^ according to Mr. Seale, a 
perfect net-work of truncated dikes ; on hills like the 
Flagstaff, formed of soft rock, we might suppose that 
the dikes had been worn down and cut off by meteoric 
agency, but we can hardly suppose this possible with 
the hard, basaltic strata of the Bam. 

Coast deriadatioH , — The enormous cliffs, in many 
parts between 1,000 and 2,000 feet in height, with 
which tliis prison-like island is surrounded, with the 
exception of only a few places, where narrow valleys 
descend to the coast, is the most striking feature in its 
scenery. We have seen that portions of the basaltic 
ring, two or three miles in length by one or two miles 
in breadth, and from one to two thousand feet in height, 
have been wholly removed. There are, also, ledges and 
banks of rock, rising out of profoundly deep water, and 
distant from the present coast between three and four 
miles, which, according to Mr. Seale, can be traced to 
the shore, and are found to be the continuations of 
certain well-known great dikes. The swell of the 
Atlantic Ocean has obviously been the active power in 
forming these cliffs; and it is interesting to observe 
that the lesser, though still great, luiigbt of the cliffs 
on the leeward and partially protected side of the 
island, (extending from the >Sugar-Loaf Hill to South 
West Point,) corresponds with the lesser degree of 
exfiosure. When reflecting on the comparatively low 
coasts of many volcanic islands, which also stand ex- 
posed in tlie open ocean, and are apparently of consider- 
able antiquity, the mind recoils from an attempt to 
grasp the number of centuries of exposure, necessary to 
have ground into mud and to have dispersed the enor- 
mous cubic mass of bard rock which has been pared oS 
the circumfeience of this island. The contrast in the 
superficial state of St. Helena, compared with the 
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nearest island, namely, Ascension, is very striking. At 
Ascension, the surfaces of the lava-streams are glossy, as 
if just poured forth, their boundaries are well defined, 
and they can often be traced to perfect craters, whence 
they were erupted ; in the course of many long walks, 
I did not observe a single dike ; and the coast round 
nearly the entire circumference is low, and has been 
eaten back (though too much stress must not be placed 
on this fact, as the island may have been subsiding) 
into a little wall only from ten to thirty feet high. Yet 
during the 340 years, since Ascension has been known, 
not even the feeblest signs of vulcanic action have been 
recorded.' On the otlier hand, at St. Helena, the course 
of no one stream of lava can be traced, either by the 
state of its boundaries or of its superficies ; the mere 
wreck of one great crater is left ; not the valleys only, 
but the surface of some of the highest bills, are inter- 
laced by worn-down dikes, and, in many places, the 
denuded summits of great cones of injected rock stand 
exposed and naked ; lastly, as we have seen, the entire 
circuit of the island has been deeply worn back into the 
grandest precipices. 

Craters of Elevation. 

There is much resemblance in structure and in 
geological history between St. Helena, St. Jago, and 
Mauritius. All three islands are bounded (at least in 

* In the * Nautical Magazine’ for 1835, p. 642, and for 1838, p. 361, 
and in the ‘ Conipten Kendua,’ April, 1838, accounts are given of a series 
of volcanic phcuoinena- -earthquakaM' -troubled waU^r — floating scorife 
and coluojnH of smoke— \¥liicli have been observed at intervals since 
the middle of the List century, in a space of open sea between longi^ 
tudftp 20^ and 22^^ west, about half a degree south of the equator. 
These facts seem to show, that an island or an archipelago is in process 
of formation in the middle of the Atlantic: a lino joining St Helena 
tttid Ascension, prolonged, intersects this slowly nascent focus of voi- 
cunio action. 
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the parts which I was able to examine) by a ring of 
basaltic mountains, now much broken, but evidently 
once continuous. These mountains have, or apparently 
once had, their escarpements steep towards the interior 
of the island, and their strata dip outwards. I was 
able to ascertain, only in a few cases, the inclination of 
the beds ; nor was this easy, for the stratification was 
generally obscure, except when viewed from a distance. 
I feel, however, little doubt that, according to the re- 
searches of M, Elie de Beaumont, their average in- 
clination is greater than tliat which they could have 
acquired, considering their thickness and compactness, 
by flowing down a sloping surtace. At St. Helena, 
and at St. Jago, the basaltic strata rest on older and 
probably submarine beds of ditferent composition. At 
all three islands, deluges of more recent lavas have 
flowed from the centre of the island, towards and be- 
tween the basaltic mountains ; and at St. Helena the 
central platform has been filled up by them. All 
three islands have been raised in mass. At Mauritius 
the sea, within a late geological period, must have 
reached to the foot of the basaltic mountains, as it now 
does at St. Helena ; and at St. Jago it is cutting back 
the intermediate plain towards them. In these three 
islands, but especially at St. Jago and at Mauritius, 
when, standing on the summit of one of the old basaltic 
mountains, one looks in vain towards the centre of the 
island, — the point towards which the strata beneath 
one’s feet, and of the mountains on each side, rudely 
converge, — for a source whence these strata could have 
been erupted ; but one sees only a vast hollow platform 
stretched beneath, or piles of matter of more recent 
origin. 

These basaltic mountains come, I presume, into 
the class of Craters of elevation; it is immaterial 
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whether the rings were ever completely farmed, for the 
portions which now exist have so uniform a structure, 
that, if they do not form fragments of true craters, 
they cannot be classed with ordinaiy lines of elevation. 
With respect to their origin, after having read the 
•works of Mr. Lyell,^ and of MM. C. Prevost and Virlet, 
I cannot believe that the great central hollows have 
been formed by a simple dome-shaped elevation, and 
the consequent arching of the strata. On the other 
hand, I have very great difficulty in admitting that 
these basaltic mountains are merely the basal fragments 
of great volcanos, of which the summits have either 
been blown off, or more prolmbly swallowed up by 
subsidence. Tliese rings are, in some instances, so 
immense, as at St. Jago and at Mauritius, and their 
occurrence is so frequent, that I can hardly persuade 
myself to adopt this explanation. Moreover, I suspect 
that the following circumstances, from their frequent 
concurrence, are someway connected together, — a con- 
nection not implied in either of the above views ; 
namely, first, the broken state of the ring, showing 
that the now detached portions have been exposed to 
great denudation, and in some cases, perhaps, rendering 
it probable that the ring never was entire ; secondly, 
the great amount of matter erupted from the central 
area after or during the formation of the ring ; and 
thirdly, the elevation of the district in mass. As fai* 
as relates to the inclination of the strata being greater 
than that which the basal fragments of ordinary vol- 
canos would naturally possess, I can readily believe 
that this inclination might have been slowly acquired 
by that amount of elevation, of which, according to 
M. Elie de Beaumont, the numerous upfilled fissures or 


* Principles of Geology* (fifth edit), vol. ii. p. 171. 
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dikes are the evidence and the measure, — a view 
equally novel and important, which we owe to the re- 
searches of that geologist on Mount Etna* 

A conjecture, including the above circumstances, 
occurred to me, when, — with my mind fully convinced, 
from the phenomena of 1835 in South America,* that^ 
the forces which eject matter from volcanic orifices and 
raise continents in mass are identical, — I viewed that 
pai*t of the coast of St. Jago, where the liorizontally 
upraised, calcareous stratuTn dips into the sea, directly 
beneath a cone of subsequently erupted lava. The 
conjecture is that, during the slow (devalion of a vol- 
canic district or island, in the centre of which one or 
more orifices continue open, and t])us relieve the sub- 
terranean forces, the borders are elevated more than 
the central area ; and that the portions thus upraised 
do not slope gently into the central, less elevated area, 
as does the calcareous stratum under the cone at St. 
Jago, and as does a large part of the circumference of 
leeland,^ but that they are separated from it by curved 


* I liave given a detailed account of ttese phenomena, in a pa|>cr 
read l>efore the Geological SocietY in March, 1838. At the instant of 
time, when an immense area wns coriA’'ulsed and a large tract elevat43d, 
the districts irameiliatcly surrounding several of the great vents in the 
Cordillera remained quiescent; the subterranean forces being appar- 
ently relieved by the eniptions, which then recommenced with great 
violence. An event of somewhat the same kind, but on an infinitely 
smaller sciile, appears to have token place, accorling to ALich (‘ Views 
of Vesuvius,’ phit-es i. and ix.), within the great crater of Vesuvius* 
where a platform on one side of a fissure was raiseil in mass twenty 
feet, whilst on the other side, a train of small volcanos burst forth in 
eruption. 

* It appears, from information communicated to me in the mf)at 
oblTffing manner by M, E. Kobert, that the circumferential parts of 
Icelaird, which are conifiosed of ancient basaltic strata alternating with 
tuff, dip inland, thus forming a gigantic saucer. M. liobert found that 
this was the case, with a few and quite local exceptions, for a space 
of coast several hundred miles in length. I find this statement 
corrol)orated, as far as regards oue place, by Mackenzie, in his ‘ Travels * 
(p. 377), and in anotlter place' by some MS. notes kindly lent me by 
Dr. Holland. The coast is deeply indentod by creeks, at the Wd of 
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faults. We might expect, from what we see along 
ordinary faults, that the strata on the upraised side, 
already dipping outwards from their original formation 
as lava-streams, would he tilted from the line of fault, 
and thus have their inclination increased. According 
to this hypothesis, which I am tempted to extend only 
to some few casc‘s, it is not probable that the ring 
would ever be formed quite perfect ; and from the 
elevation being slow, the upraised ]>ortions would 
generally be exposed to nmcli denudation, and hence 
the ring become broken ; w^e might also expect to find 
occasional incHpialities in the dip of the upraised 
masses, as is the case at St. Jago. Ry this hypothesis 
the elevation of the districts in mass, and the flowing 
of deluges of lava from the central platforms, are like- 
wise connected together. On this view tlie marginal 
basaltic mountains of the three foregoing islands might 
still be considered as forming ‘ Craters of elevation ; * 
the kind of elevation implied having been slow, and 
the central hollow or platform having been formed, not 
by the arching of the surface, but simply by tliat part 
having l^een upraised to a less height. 

which the land is generally low. M. Koborl informs me. that the 
inwardly dipping strata appear to extend as far as this line, and that 
their incliiuition usually corresjx>iids with the slope of the surface, from 
the high coast-mountains to the low laml at the head of these creeks. 
In the section described by Sir G. Mackenzie, the dip is 12 \ The 
interior parts of the island chiefly coiiBist, as far as is known, of 
recently enijited matter. The great size, however, of Iceland, equalling 
the bulkiest part of Kngland, ought perhaps to exclude it from the 
class of khimls we have been considering ; but I cannot avoid suspect- 
ing that if the coast-rnountains, instead of gently sloping into the less 
Mevated central area, had been separated from it by irregularly ciirred 
faults, the strata would have been tilted seaward, and a ‘ Crater of 
elevation/ like that of *St. .Tago or that of Mauritius, but of much vaster 
dimensions, would liave been formed. I will only farther remark, that 
the freqtient occurrence of extensive lakes at the foot of largo volcanos, 
and the frequent association of volcanic and fresh-water strata, seem to 
indicate that the areas around volcanos are apt to be depressed beneath 
the general level of the adjoining country, either from having been 
less elevated, or from the effects of subsidence. 
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CHAPTER V, 

GALAPAGOS ARCHIPELAGO. 

Chatham Tdand — Craiers^ composed of a peculiar kind of Small 
basaltic craters, with hollows at th ir bases --Alhetnarle Island, fluid 
lavas, their composition — Craters of tnf, incV nation of their exterior 
diverging .strata, and structure of their interior converging strata — 
Jame,s Island, segment of a small basaltic crater ; fluidity and compo- 
sition of its lava strea^ns, and of its ejected fragments — Cmcluding re- 
marks on the craters of tuff, and on the breached condition of their 
southern sides — 'Mineral ogical composition of the rocks of the archipe- 
lago — Elevation of the land — Direction of the fissures of eruption. 

This archipelago is situated under the Equator, at a 
distance of between 6ve and six hundred miles from 
the west coast of South America. It consists of five 
principal islands, and of several small ones, which 
together are equal in area,* but not in extent of land, 
to Sicily, conjointly with the Ionian Islands. They are 
all volcanic : on two, craters have been seen in erup- 
tion, and on several of the other islands, streams of 
lava have a recent appearance. The larger islands are 
chiefly composed of st>lid rock, and they rise with a 
tame outline to a height of between one aud four 
thousand feet. They are sometimes, but not generally, 
siuinounted by one principal orifice. The craters vary 

* I exclude from this measurement, the small volcanic islands of 
Culpepper and Wenman, lying seventy miles northward of the group. 
Craters were visible on all the islands of the gn)up, except, on Towers 
Island, which is one of the lowest ; this island is, however, formed of 
volcanic rocks. 
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in size from mere spiracles to huge caldrons several 
miles in circumference ; they are extraordinarily 
numerous, so that I should think, if enumerated, they 
would be found to exceed two thousand ; they are 
formed either of scoriae and lava, or of a brown coloured 
tuff ; and these latter craters are in several respects 
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remarkable. The whole gioup vras surveyed by the 
officers of the Beagle. I visited myself four of the 
principal islands, and received .specimens from all the 
others. Under the head of the different islands I will 
describe only that which appears to me deserving of 
attention. 

Chatham Island, Craters composed of a singnlar 
kind of tuff . — Towards the eastern end of this island 
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there occur two craters composed of two kinds of tuff; 
one kind being friable, like slightly consolidated ashes ; 
and the other compact, and of a different nature from 
anything which I have met with descril>erL This 
latter substance, where it is best characterised, is of a 
. yellowish-brown colour, translucent, and with a lustre 
somewhat resembling resin; it is brittle, with an 
angular, rough, and very irregular fracture, sometimes, 
however, being slightly granular, and even obscurely 
crystalline : it can readily be scratched with a knife, 
yet some points are hard enough just to mark common 
glass ; it fuses with ease into a hlackish-green glass. 
The mass contains numerous broken crystals of olivine 
and augite, and small particles of black and brown 
scoritT> : it is often traversed by thin seams of calcareous 
matter. It generally affects a nodular or concretionary 
structure. In a hand sp(iciraen this substance would 
certainly be mistaken for a pale and peculiar variety of 
pitchstone; but when seen in mass its stratification, 
and the numerous layers of fragments of basalt, both 
angular and rounded, at once render its subaqueous 
origin evident. An examination of a series of speci- 
mens shows that this resin-like substance results from a 
chemical change on small particles of pale and dark- 
coloured scoriaceous rocks ; and this change could be 
distinctly traced in different stages round the edges of 
even the same particle. The position near the coast 
of all the craters composed of this kind of tuff or 
peperino, and their breached condition, renders it 
probable that they were all formed when standing im- 
mersed in the sea; considering this circumstance, 
together with the remarkable absence of large beds of 
IB the whole archipelago, I think it highly 
probable that much the greater part of the tuff has 
originated from the trituration of fragments of the 
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gray, basaltic lavas in the mouths of craters standing in 
the sea. It may be asked whether the heated water 
within these craters has produced this singular change 
in the small scoriaceous particles, and given to them 
their translucent, resin-like fracture? Or has the 
associated lime played any part in this change ? I hsk 
these questions from having found at St. Jago, in the 
Cape de Verde Islands, that wlmre a great stream of 
molten lava has flowed over a calcareous bottom into 
the sea, the outermost film, which in other parts re- 
sembles pitchstone, is changed, apparently by its 
contact with the carbonate of lime, into a resin-like 
substance, precisely like the best characterised speci- 
mens of the tuff from this archipelago.* 

To return to the two craters : one of them stands at 
the distance of a league from the coast, the intervening 
tract consisting of a calcareous tuff, apparently of sub- 
marine origin. This crater consists of a circle of hills, 
some of which stand quite detaclied, but all have a very 
regular, qtia-qua versal dip, at an inclination of between 
thirty and forty degrees. The lower bed>s, to the thick- 
ness of several hundred feet, consist of the resin-like 
stone, with embedded fragments of lava. The upper 
beds, which are between thirty and forty feet in thick- 
ness, are composed of a thinly stratified, fine-grained, 
harsh, friable, brown-coloured tuff, or peperino,^ A 
central mass without anv stratification, which must 


* Tho concretions containin^t lime, which I hare described at 
Ascension, as formoil in a bed of ashes, present some dep^ree of resem- 
bhiucc to this snhstanee, bnt they have not a resinous fmeturo. At St. 
Helena, also, I found veins of a somewhat sinular, compact, but non- 
resinous substance, occurring in a be<l of pumiceous ashes, apparently 
free from calcareous matter : in neither of these cases could heat hare 
acted. 

® Those geologists who restrict the term of * tuff’ to ashes of a white 
colour, resulting from the attrition <»f feldspathic lavas, would call these 
brown-coloured strata ‘ peperino.’ 
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formerly have occupied the liollow of the crater^ but 
now attached only to a few of the circumferential hills, 
consists of a tuff, intermediate in character between 
that with a resin-like, and that w^ith an earthy fracture. 
This mass contains wliite calcareous matter in small 
patches. The second crater (520 feet in height ) must 
have existed until the eruption of a recent, great stream 
of lava, as a separate islet ; a hne section, worn by the 
sea, shows a grand fimnel-sliaped mass of basalt, sur- 
rounded by steep, sloping Hanks of tuH, having in parts 
an earthy, and in otliers, a semi-resinous fracture. The 
tuff is traversed by several broad, vertical dikes, with 
smooth and parallel sides, which I did not doubt were 
formed of basalt, until I actually broke off Iragments. 
These dikes, ho\vever, consist of tuff like that of the 
surrounding strata, but more compact, and with a 
smoother fractm^e; hence "we must conclude, that 
Xo. 12. 



Tho Kicker Rock. 400 feet )o'gh. 

fissures were formed and filled up with the finer mud 
or tuff from the crater, before its interior was occupied, 
as it no\v is, by a solidified pool of basalt. Other 
fissures liave been subsequently formed, parallel to 
these singular dikes, and arc merely filled with loose 
rubbish. The change from ordinary scoriaceous parti- 
cles to the substance with a semi-resinous fracture^ 
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could be clearly followed in portions of the compact 
tuff of these dikes. 

At the distance of a few miles from these two 
craters, stands tlie Kicker Rock, or islet, remarkable 
from its sin^'ular form. It is unstratitied, and is com- 
posed of compact tuff, in parts having the resin-like 
fracture. It is prohalde that this amor])hous mass, 
like that similar mass in the case first described, once 
tilled up the central hollow of a crater, and that its 
flanks, or sloping walls, hav(‘ since been worn quite 
away ])y the sea, in which it stands exposed. 

hamltic craters , — A bare, undulating tract., 
at the eastern end of tliathain Island, is remarkable 
from the number, proximity, and form of the small 
basaltic craters with wliicli it is studded. They consist, 
either of a mere conical pile, or, hut loss coinmonly, of 
a circle, of l»lack and red, glossy scoriie, partially ce- 
mented together. They vaiy in dianu^ter from 30 to 
L50 yards, and rise from about 50 to 100 feet above 
tlie levtd of tlie surrounding plain. From one small 
eminence, I count wl sixty of tlu‘se craters, all of winch 
were within a third of a mile from each other, and 
many wcox; much closer. I measured the distance 
between two very small craters, and found tliat it w^as 
only tliii’ty yards from the. summit-rim of oru' to the 
rim of the other. JSxuall streams of black, basaltic lava, 
containing olivine and much glassy feldspar, have flowed 
from many, but not from all of tljese crater*. The 
surfaces of the more* recent streams were exec^edingly 
ragged, and were crossed by great fissiir(*s ; the ohier 
streams wunv only a little less rugged ; and they were 
all blendcxl and mingled together in complete confusion. 
The different growth, how’^ever, of the trees on the 
streams, often plainly marked tlieir different ages. 
Had it not been for this latter character, the streams 
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could in few cases Lave been distinguished ; and, con- 
sequently, this wide undulatory tract migl)t have, (as 
probably many tracts liave,) been erroneously considered 
as formed of one great deluge of lava, instead of by a 
multitude of small streams, erupted from many small 
orifices. 

In several parts of 1 his tract, and especially at the 
base of the small craters, there are circular pits, with 
perpendicular sides, from twenty to forty feet deep. At 
the foot of one small crater, tliere were three of these 
pits. They have probably been formed, by the falling 
in of the roofs of small cavernsJ In other parts, there 
are mammiform hillocks, which resemble great bubbles 
of lava, with their summits fissured })y irregular cracks, 
which appeared, upon entering them, to be very d(‘ep; 
lava has not flowed from these hillocks. There are, 
also, other very regular, mammiform hillocks, composed 
of stratified lava, and surmounted by circular, steep- 
sided hollows, wbicli, I suppose have been formed by a 
body of gas, first, arching the strata into one of the 
hubble-like hillocks, and then, blowing off its summit. 
These several kinds of hillocks and pits, as well jvs the 
numerous, small, scoriaceous craters, all show that this 
tract lias been penet rated, almost like a sieve, by tli^ 
passage of heated vapours. The more regular hillocks 
could only liave been heaved up, whilst the lava was in 
a softened state.^ 

^ M. Elie de Beaumont has deflcribed pour servir/ &c., tom. 

ir. p. lltS) many ‘potits cirques deboulemoni’ on Etna, of some of 
which the origin is historically known. 

^ «ir 6r. Alackenzie (‘Travels in Iceland,’ pp. 389 392) has described 
a plain of lava at the foot of Hecla, everywhere hesjved up inU> great 
bubbles or blisters. Sir (jeorge states that this cavurirous lava com- 
mso8 the uppermost stratum ; and the same fact is affirmed by Von 
Buell (‘Bescript. dos Isles CanarieH,’ p. 169), with respect to the basaltic 
Btream near liialejo, in Teneritfe. It appears singular that it should 
be the upper streams that are chiefly cavernous, for one sees no reason 
why the upper and lower should not have been equally affi'Cted at 
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Albemahle Ifi!LAED, — This island consists of five, 
great, flat-topped craters, which, together with the one 
on the adjoining island of Narborongh, singularly re- 
semble eacli other, in form and height. The southern 
one is 4,700 feet high, two others are 3,720 feet, a third 
only 50 feet higlier, and the remaining ones apparently 
of nearly tlie same height. Three of these are situated 
on one line, and their craters appear elongated in nearly 
tlie Siime direction, Tlie northern crater, which is not 
the largest, was found ])y the triaiigulation to measure, 
externally, no less than three miles and one-eighth of a 
mile in diameter. Over the lips of these great, broad 
caldrons, and from little orihces near their summits, 
deluges of black lava have flowed down tlndr naked sides. 

FliildUy of (UffretU lavas . — Near Tagus or Banks' 
Cov(?, I examined one of these great streams of lava, 
which is remarkable from the evidence of its former 
liigh degrtv of fluidity, especially when its composition 
is considered. Near tlie sea-coast this stream is several 
miles in width. It consists of a black, compact base, 
easily flisible into a black b<?ad, with angular and not 
very numoous air-cells, and tluckly studded W' ith large, 
fractured crystals of glassy albite,^ varying from the 


^lifVtTODt have tlu* ijiferior streams flowed beneath the pressure 

of the hoa, ami thus been flattened, after the passage through them, of 
bodicH of g!is ? 

’ In tlie Cordillera of Cinle, I have seen lava very closely resembling 
this variety at the Calapagow Areliipxdago. It eontfdned, hovitover, be- 
sides the albite, well-formed crystals of augite, and the base (],>erha.ps in 
eotisequcnce of tin; aggregation of iho augitic parlicleb) was a shade 
lighter in colour. I may lierc remark, that in all the.so cases, I call the 
ft'ldspatiiie crystals. alhi;(\ from their cleavage-planes (a.s moasnred by 
the reflecting goniometer) corresponding with those of that mineral. 
As, however, other species of this genus have lately been discovered to 
eJeavo in nenrly the Siimc planes with albite, this determination must 
be considered as only provisional. I examined the crystals in the 
lavas of many different parts of the (odapagos group, and I found that 
none of them, with the exception of some crystals from one part of 
} Island, cloavod in the direct ion of ortbite or potash-feldspar. 
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tentli of an inch to half-an-inch, in diameter. This 
lava, although at first sight appearing eminently j)or- 
pity ri tic, cannot properly he considered so, for the 
crvwstals have evidently been enveloped, rounded, and 
penetrated by tlie lava, like fragments of foreign rock 
in a trap-dike. This was very clear in some specimens 
of a similar lava, from Abingdon Island, in wdiich the 
only difterence was, that the v<*sicles were spherical and 
more numeinus. The albite in th(‘S(‘ lavas is in a, 
similar condition witli tlie leueile of Vesuvius, and witli 
the olivine, des(*rib(‘(l by Von Ibich,^ a-^ pi'ojecting in 
great balls from tlu*- basalt of Lanzarote. luvsides the 
albite, this lava contains scattered grains of a green 
mineral, witli no distinct cleavage, and (dosely resem- 
bling olivine ; - but as it fuses easily into a green glass, 
it belongs probably to the augitic family : at James 
Island, however, a similar lava contained true olivine. 
I obtained specimens from the actual surface, and from 
a depth of four feet, but tln^y difiered in no respect. 
The liigh degree of fluidity of this lava-stream was at 
once evident, from its smooth and gimtly slojnng sur- 
face, from the manner in which the main stream was 
divided by small inequalities into litth^ rills, and es- 
pecially from th(‘ manner in Avhich its edges, far beloAv 
its source, and where it must Inive b{‘eu in some dei>Tee 
cooled, thinned out to almost nothing; the actual 
margin consisting of loose fragments, fi‘W’ of which were 
larger than a man’s head. The contrast between this 
margin, and tlie stec^p walls, abovi* tw(Uity feet liigli, 
bounding many of the basaltic streams at Ascension, is 
very remarkable. It lias generally b<>un snppos(‘d that 
lavas abounding witli large crystals, and including 

^ ‘Descri])tioD dcs Islos Canaries," p. 20'>. 

* Humboldt mftntioiis that ho Tuistook a au^ilic mineral, oc- 

curring ill tlie volcanic rocks of the Cordillera of Quiio, for olivine. 
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angular vesicles,* have possessed little fluidity; but we 
see that the case has been very different at Albemarle 
Island. The degree of fluidity in different lavas, does 
not seem to correspond with any apparent corresponding 
amount of difference in their composition : a<> Chatham 
Island, some streams, containing much glassy albite 
and some olivine^, an‘ so rugged, tluit tliey may l>e com- 
pared to a sea fi'ozcn during a storm ; whilst the great 
stream at Albemarle Island is almost as smooth as a 
lake when ruffled ]>y a breeze. At James Island, black 
basaltic lava, abounding with small grains of olivine, 
presents an intermediate degree of roughness; its si u- 
face being glossy, and the detached fragments resem- 
})ling in a very singular manner, folds of dnapery, cables, 
and pieces of the ])ark of trees.^ 

Craters af tv f. — About, a mil<? soutliward of Banks’ 
Cove, tlierfi is a fine elliptic crater, al^out dOO feet in 
depth, and three quarters of a mile in diameter. Its 
bottom is occupied by a lake of brine, out of which 
some little emteriform hills of tutf rise. The lower 
beds are formed of compact tuff, appearing like a 


’ Tho irroppulcir nnd angular form of tlip vesiclos is jtrolaitfy cau&od 
ty tlia unf!qua.l yielding of a mass vomjKw-d, in almost 0411:1! proportion, 
of solid crystals and of a. viscid base. It certainly seems a general cir* 
ciimstance, as might have Ix'cn cx]H*cle(l, that in lava, which has 
jiossessed a high degree of fluidity, ax wtU as (at evf'fi-sicect graiiu the 
Vesicles arc internally smooth and spherical. 

* A spocinnm of basaltic lava, with a few small broken crystals of 
albite, given Tm> by one of the officers, is ]>orhaps worthy of dcseriplion. 
It ct>ns»sts of cylindrical ramifications, some <»f w'bich are^ only the 
twentieth of an inch in diameter, and arc draw'u out into the s]mr}>eHt 
]K)iiits. The mass has not been formed like a stalactite, for tlie points 
terminate Imth upwards and downwards. Giolmles, only tlie fortieth of 
an inch in diameter, have drop]»«d from some of the points, and adiiero 
to the a<ljoiixing branches. The lava is vesicular, but the vesiclas never 
reach the surface of tho hranchus, which are smooth and glossy. As it 
is genendly supjr>scd that vehicles are always elongafed in iJic oirection 
of tile movement of the fluid mass, 1 may observe, that in tlu'se cylin- 
drical branches, which vary from a quarter to only the twentiotli of an 
inch in diameter, every air-coU *is spl.e>ricai. 
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subaqueous deposit ; whilst the upper beds, round the 
entire circumference, consist of a harsh, friable tuff, 
of little specific gravity, but often containing fragments 
of rock in layers. This upper tuff contains numerous 
pisoliiic balls, about the size of small bullets, which 
differ from the surrounding matter, only in being 
slightly harder and finer grained. The beds dip away 
very regularly on all sides, at angles varying, as I 
found by measurement, from 25 to 30 degrees. The 
external surface of the crater vslopes at a neiirly similar 
inclination ; and is formed by sliglitly convex ribs, 
like those on the shell of a pecteu or scallop, which 
become broader as they extend from the mouth (»f the 
crater to its base*. Tiiese ribs are generally from eight 
to twenty feet in breadth, but sometimes they are as 
much as forty feet broad ; and they resemble old, 
plastered, much flattened vaults, witli the plaster 
scaling off in plates : they are separated from each 
other by gullies, deepened by alluvial action. At their 
upper and narrow ends, near the mouth of the crater, 
these ribs often consist of real hollow passages, like, 
but rather smaller than, those often formed by the 
cooling of the crust of a lava-streairi, whilst the inner 
parts have flowed onward ;- 7 of which structure I saw 
many examples at Chatham Island. There can be no 
doubt but that these liollow ribs or vaults have been 
formed in a similar manner, namely, by tlu^ setting 
or hardening of a superficial crust on streams of mud, 
which have flowed down from the U]>])er part of the 
crater. In another part of this same cratei*, I saw 
open concave glitters between one and two feet wide,- 
which appear to have been formed by hardening 
of the lower surface of a mud-stream, instead of, 
as in the former case, of the upper surfa(!e. From 
these facts I think it is certain* that the tuff must have 
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flowed as mud.^ This raud may have heen formed 
either withiu the crater, or from ashes deposited on 
its upper parts, and afterwards washed down hy torrents 
of rain. The former method, in most of tlie cases, 
appears the more probable one ; at James Island, how- 
ever, some beds of the friable kind of tufi* extend so 
continuously over aii uneven surface, that piobably 
they wert? formed hy the falling of slnovers of ashes. 

Within tliis same crater, strata of coarse tuff, chiefly 
composed of fragments of lava, abut, like a consoli- 
dated talus, agjiinst tbe inside walls. They rise to a 
height of ])etwe<m 100 and loO feet above the surface 
of the internal brine-lake; they dip inwards, and are 
inclined at an angle varying from 30 to 3G degrees. 
They appear to have been formed beneath water, pro- 
bably at a period when the sea occu})ied the hollow of 
the crater. I was surprised to observe tliat beds having 
this great inclination did not, as far as they could be 
follow'ed, tbickon towards their lower extremities. 

Bankfi' Cove. — This harbour occupies part of tke 
interior of a sluittered crater of tuff larger than that 
hist described. All the tuff is compact, and includes 
numerous fragments of lava; it ap]}ears like a sub- 
aqueous deposit. "Jlie most remarkable feature in 
this crater is the great <k‘\elopmeiit of strata con- 
verging inwards, as in the last case, at a considerable 
inclination, and often deposited in irregular (oirved 
layers. These interior converging beds, as well as the 

^ This coTiolusion is of mmc interest, i)ec*aust' M. Pnfrenoy (‘ Mem. 
ponr servir/ tom. ir. p. 274) has arrruod from straUi of tuff, appareutjy 
of similar <*c>m})(*.sition with that here deserihed, boin^ iueliiied at 
aijpfles between and 2()T that Monte Nuevo and somo oilier craters 
of Southern Italy have lieen formed by npbeaval. From the facts 
Jtiveu above, of ilie vaulted character of tlio separate rills, and freon the 
tuff not extending in horizontal sheet.!? round these cralcriform hills, no 
one will suppose that the strata have here boon produced by elevation ; 
and yet wo eoo tliat their inclination is above 20°, and offen as much 
as 30°. Tbe consolklatcjl strata, also, of the internal talus, as will be 
immediately seen, dips at an angle of above 30°. 
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proper, diverging, crateriform strata, are represented 
in the accompan3dng rude, sectional sketch of the liead- 

Ko. ] 3 . 



A pivotoli of Uio ks' Covo, "hcnvirif? tlie divfTi^rii'CT 

^trat{l. ftiid tin- ron\<*r;'infcr -traritiol tnlUi!. The* hl^rhi <t jioiMt oi 
In!l> Ja 817 ft.vt a't')v<* tin* s*ji. 

lands, forming tjiis Cove. Tlie internal and exteiual 
strata differ little in corn ignition, and the former have 
evidently result efi froni the \v(‘ar and tear, and re- 
deposition of tlie matter forming tin* external crat eriform 
strata. From the great deveh>pn)ent of tliese inner 
beds, a ])erson walking round th(‘ rim of this crater 
ixiiglit fancy liiniself on a circular anti-clinal ridge 
of stiatitied sandstone and conglomerate. The sea is 
wearing away the innm* and outer strata, and espt^eially 
the latter ; so that the inwardly converging strata will, 
perhaps, in some future ag(g be left standing alone — a 
case Avhich mig}}t at first perplex a geologist J 

James Island. — Tw'o craters of tuff on this island 
are tlie only remaining ones which rt^rjuire any notice. 
One of them lies a mile and a-lialf inland from Puerto 


’ I Lfilieve that llils rris#* actually omns in tho A7(>rc8. where Dr. 
'W'ebbter(‘I)esrri})iioTi,’ p 18.'})h{i‘<fU'sori)jo(i abasin-fbrnunl, Hi tie islantl, 
composed of stTata of tvf, dippiiij? inw^urds and Hounded extornally Hy 
steep sca*wf>rri cliffs. Dr. Daubeny .supp()st‘s (on Volcanos, p, 200). 
that this c’arity must have been formed by a pi»*cuhn* subsidence. 
It api>f)ars to me far more probable, that w'c here have strata which 
were originally deposited witliiii the lir»llo\r <if a erntiT, of which the 
exterior walla hare since been removed by the sea. 
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Grandt^. : it is circular^ about the third of a mile in 
diameter, and 400 feet in depth. It differs from all 
the other tuff-cratern wliich 1 examined, in having the 
lower party of its? cavity, to the height of betwfnai 100 
and 150 teet, form<rd by a precipitous wall of basalt, 
giving to the crater the a2>pearance of liaviiig burst 
through a solid sheet of rook. Tlie upper pari of this 
crater consists of strata of the altered tuff, with a 
setui-resinous fracture. Its Ijottoin is cKHUipied by a 
shallow lake of brine, covering layers of salt, wbicli 
rest on dee]) l>lack mud. The oIIut ci'ater iic's at tlie 
distance (*f a f('w nuh‘s, and is only remarkable from 
its size and perfect condition. Its summit is 1,200 
feet- a])0^■e tlie level of tlie st*a. and tlie interior liollow 
is boo feet deep. Its external slojiing siudace ])veseiited 
a curious ap])earance from the smoothness of tlu‘ wide 
layers of tuff, wliieh resembled a vast plastered floor. 
Brattle Island is, I l)eliev(‘, the largest ciater in the 
Archipelago composted of tuff’; its interior diameter 
is nearly a nautical mile. At present it is in a. nnnt‘d 
condition, consisting of little more' than lialf a circle 
0}>en to the south; its great size is ])robabIy due, in 
])art,to internal degradation, from tluMudionof the sea. 

Sv(jnieat (\t a hvlhJI basnJiie crater. — ()n(‘ side of 
Fresh-water Bay, in James Island, is bounded by a 
promontory, whi<di forms Die last wreck of a gTeat 
crater. On the head of this promontory, a quadrant- 
shaped segment of a small subordinate point of 
eruption stands exposed. It consists of nine separate 
little streams of lava piled upon each other; and 
of an irregular ])innncle., about fifteen feet high, of 
reddish-brown, vesicular basalt, abounding with large 
crystals of glassy alhite, and with fused augite, 
Tliis pinnacle, and some adjoining paps of rock on 
the beach, represent the axis of the crater. The 
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streams of lava can be followed up a little ravine, at 
right angles to tlie coast, ft.)r })et\veen ten and fifteen 
yards, where tliey tire liidden by detritus : along the 
beach they are visible for nearl}^ tdglity yards, and I 
do not believe that they extcanl much farther. The 
three lower streams are united to tlie pinnacle; imd at 
the point of junction (as is sliown in the accompanying 
rude sketch made on the spot j, tluware slightly arched, 

No. \ L 



St’^rrru’nt of very small orifice of omptlon, on the* beach of lYei-h-water Ray. 

as if in tiie act of flowing over the lip of the crater. 
The six np}>er streams no doubt were originally united 
to this same column before it -was worn down by tlie 
sea. Tlie lava of these streams is of similar com- 
position with that of the pinnacle, excepting that the 
crystals of albite appear to be more comminuted, and 
the grains of fused augit<* are absent. Each stream 
is separated from tlie one above it l>y a few inches, or 
at most by one or two feet in thickness, of loose frag- 
mentary scoriae, apparently derived from the abrasion 
of the streams in passing over each otlier. All these 
streams are very remarkable from their thinness. I 
carefully measured several of them ; one was eight inches 
thick, but was firmly coate<l witli three indies above, 
and three inches below, of red seoriaceous rock (which 
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is the case with all the streams), making altogether a 
thickness of fourteen inches : this thickness was pre- 
served quite uniformly along the entire length of the 
section. A second stream was only eight inches thick, 
including both the upper and lower scoriaceous surfaces. 
Until examining this section, I had not thought it 
possible that lava could have flowed in such uniformly 
thin sheets a surface far from smootli. These 

little streams closeh^ reseinble in composition that 
great deluge of lava at Allx^marle Island, which like- 
wise must have possessed a high degree of fluidity. 

Pseii(hMU'ir(meous, ejected fr<(f;i7rierits , — In the 
lava and in the seorim of this little crater, I found 
several fragments, which, from tlieir angular form, 
their granulai* structure, their freedom from air-cells, 
their brittle and burnt condition, closely resembled 
those fragments of primary rocks wliich are occasionally 
ejected, as at Ascension, from volcanos. These frag- 
ments consist of glassy albite, much mackled, and with 
very imperfect cleavages, mingled witli semi-rounded 
grains, liavirig tarnished, glossy surfaces, of a steel-blue 
mineral. The crystals of jilbite are coated by a red 
oxide of iron, appearing like a rt‘sidual substance ; and 
their cleavage-] Haues also are sometinies s('])arated by 
excessively tine layers of this oxide, giving to the 
crystals the appearance of being ruled like a glass 
micrometer. There was no quartz. The steel-blue 
mineral, wliicli is abundant in the pinnacle, but which 
disappears in the streams derived from the pinnacle, 
has a fused appearance, and rarely presents even a 
trace of cleavage ; 1 obtained, however, one measure- 
ment, which proved that it was augite ; and in one 
other fragment, which ditfored from the others, in 
being slightly cellular, and in gradually blending into 
tlie surrounding matrix the small grains of this mineral 
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were tolerably well crystallised. Althoiig*h there is so 
wide a difference in appearance between tlie lava of 
the little streams, and especially of tlieir rod scoriaceoiis 
crusts, and one of these angular ejected fragments, 
which at first sight iniglit readily be mistaken for 
syenite, yet I believe that the lava lias originated from 
the melting and movement of a mass of rock of abso- 
lutely similar composition with tiie fragments. Besides 
the specimen above alluded to, in which we see a 
fragment becoming slightly cellular, and ])lending into 
the suiTOUiidiiig matrix, some of the grains of the steel- 
blue augite also have their surfaces becoming very 
finely vesicular, and passing into the nat,ure of the 
surrounding paste ; other grains are throughout, in an 
intermediate condition. The paste seems to consist 
of the augite more perfectly fused, or, more probably, 
merely disturbed iu its softened state by the movement 
of the mass, and mingled with the oxide of iron and 
with finely comminuted, glassy albite. Hence pro- 
bably it is that the fused albite, which is abundant 
in the ]nnnaele, disappears in the jstreams. The albite 
is in exactly the same state, with the exception c»f 
most of the crystals being smaller in the lava and in 
the embedded fragments; but in the fragments tliey 
appear to be less abundant: this, however, would 
naturally happen from the intumescence of tiie augitib 
base, and its conseciuent apparent increase in bulk. It 
is interesting thus to trace tlie steps by which a com- 
pact granular rock becomes convert (‘d into a vesicular, 
pseudo-porpliyritic lava, and finally into red scorite. 
The structure and composition of the embedded frag- 
ments show that they are parts either of a mass of 
primary rock which has undergone^ eonsidorahle change 
from volcanic action, or more probably of the crust of 
a body of cooled and crystallised lava, which has after- 
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wards been broken up and re-liquefied ; the crust being 
less acted on by the renewed lieat and movement, 

Condmlmg remarks on ike taff-oraters. — These 
craters, from the peculiarity uf the resin-like substance 
which enters largely into their composition, from their 
structure, tlieir size and number, present the most strik- 
ing feature in the geoh>gy of tliis Archipelago. The 
majority of tliem form either separate isle^ts, or promon- 
tories attached to the larger islands; and those which 
now stand at some little distance from tlie coast are 
wona and brciicJicd, as if ])y the action of the sea. 
From this general circumstance of their position, and 
from tlie small ([uantity of ejccUid aslies in any part 
of the Archipelago, I am led to conclude, tliat the tuft' 
has l>een chiefly produced, by tht^ grinding together ot 
fragments of lava within active craters, communicating 
witli the sea. In the origin and composition ot the 
tuft’, and in the frequent presence of a ccmtral lake of 
brine and of layers of salt, these craters resemble, 
t hough on a gigantic scale, the ^sjilses,^ or hillocks of 
mud, wdiieh are common in some parts of Italy and in 
other countries.^ Their closer connection, however, in 
this Archipelago, with ordinary volcanic action, is shown 
by the pools of solidified basalt, witli which they are 
sometimes filled up. 

It at first appears very singular, that all the craters 
formed of tuff’ have their southern sides, either quite 
broken down and wholly removed, or much low^^r tlian 
the other sides. I saw and rticeived accounts of twenty- 
eight of these craters ; of these, twelve form separate 

' IVAiituissorrtJ ‘ Trnit^* fie OeopnntJhio,’ tom. i. p. 1 89. I may remark, 
that I Haw at Terceira. in the Azores, a crater of tuff or p<*peritio, xtvy 
similar to these of the Galapagos Archipelago. From the dpscriplion 
given in Freycinots ‘ Voyage/ similar ones txjcur at the Sandwich 
Islands ; and probably they are prcMont in many other placas. 
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islets,^ and now exist as mere crescents quite open to 
the southj with occasionally a few points of rock mark- 
ing their former circumference ; of the remaining six- 
teen, some foim promontories, and others stand at a 
little distance inland from the shore; hut all, have 
tlieir southern sides either the lowest, or quite broken 
down. Two, however, of the sixteen had their norlhern 
sides also low, whilst their eastern and western sides 
were perfect. I did not see, or hear of, a single ex- 
ception to the rule, of these craters being broken down 
or low on tlie side, which faces a point of tlie horizon 
between SE. and SW. This rule does not apply to 
craters composed of lava and scorije. The explanation 
is simple: at this Archipelago, t])e weaves from the 
trade-wind, and the sw<dl propagated from the distant 
parts of the open occian, coincide in direction, (w^liicli 
is not the case in many parts of the Pacitic,) and with 
their united forces attack the southern sides of all the 
islands; and consequently the southern slope, even 
wlien entirely formed of hard basaltic rock, is invarialdy 
steeper than tlie northern slope. As the tnft-eraters 
are composed of a soft material, and as pro])a])ly all, or 
nearly all, have at some period stood immersed in the 
sea, we need not wonder tliat they should invariably 
exhibit on tlieir exposed sides the effects of this great 
denuding power. Judging from the worn Condition of 
many of these craters, it is probable that sonui liave 
been entirely waslied away. As there is no reason to 
suppose, that the craters formed of scovije and lava 

* These C 0 Ti«*Lst of the three Crossman Islets, the larges^fc of which is 
600 feet in hci;crht ; Enchanted Island ; Gardner Island (760 feet high) ; 
Chawpioti Island (331 feel high); Endurny Island; Umtths Island; 
two islets near Indotatigahle Island; and one near James Island. 
A second crater near James Island (witli a salt lak(‘ in its centre) has 
its southern side only about twenty feet high, whilst the other parts of 
tlie circumference are about 300 feet in height. 
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were erupted whilst standing in the sea^ we can see 
why the rule does not apply to them. At Ascension, it 
was shown that the mouths of the craters, which are 
there all of terrestrial origin, have l>een affected by the 
trade wind ; and this same power might here, also, aid 
in making the windward and exposed sides of some of 
the craters originally the lowest. 

Mineralogiral co'inpomtlori of the rod’s. — In the 
northern islands, the basaltic lavas seem generally to con- 
tain more albite t han they do in the soutlieru half of the 
Archipelago ; but almost all the streams contain some. 
The albite is not unfre([uently associated with olivine. 
I did not observe in any specimen distinguishable 
crystals of hornblende or augite ; 1 except the fused 
grains in the tyecleci fragments, and in tlie pinnacle of 
the little crater, above described. I did not meet with 
a single specimen of true trachyte ; though some of tlie 
paler lavas, when abounding with large crystals of the 
harsh and glassy albite, re^emble in some degree this 
rock ; but in every case the basis fuses into a black 
enamel. BtMis of ashes and far-ejected scorijc, as pre- 
viously stated, are almost absent; nor did I see a frag- 
ment of obsidian or of pumice. Von Buch ^ believes 
that the absence of pumice on Mount Etna is conse- 
quent on the felds|>ar being of the Labrador variety; 
if the presence of ))umice depends on the constitution 
of the feldspar, it is remarkable, that it should be ab- 
sent in this archipelago, and abundant in the Cordillera 
of South America, in both of which regions the feld- 
spar is of the al bitie variety. Owing to the absence of 
ashes, and the general indecomposable character of the 
lava in this Archipelago, the islands are slowly clothed 
with a poor vegetation, and the scenery has a desolate 
and frightful aspect. 

* ‘ Description des Isles Canaries/ p. 328. 

K. 
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Elevation of the land. — Proofs of the rising of the 
land are scanty and imperfect. At Chatham Island, I 
noticed some great blocks of lava, cemented by cal- 
careous matter,, containing recent shells ; but they 
occurred at the height of only a few feet above high- 
water mark. One of the oflScers gave me some frag- 
ments of shells, which he found embedded several 
hundred feet above the sea, in the tuff of two craters, 
distant from each other. It is possible, that these 
fragments may liave teen carried up to their present 
height in an eruption of mud ; but as, in one instance, 
they were associated with broken oyster-shells, almost 
forming a layer, it is more probable that the tuff was 
uplifted with the sltells in mass. The specimens are 
so imperfect that they can be recognised only as be- 
longing to recent marine genera. On Charles Island, 
I observed a line of great rounded blocks, piled on the 
summit of a vertical cliff, at the height of fift^een feet 
above the line, where the sea now acts during the 
heaviest gales. This appeared, at first, good evidence 
in favour of the elevation of the land ; but it was 
quite deceptive, for I afterwards saw on an adjoining 
part of this same coast, and beard from eye-witnesses, 
that wherever a recent stream of lava forms a smooth 
inclined plane, entering the sea, the waves during gales 
have the power of rolling up rounded blocks to a great 
height, above the line of their ordinary action. As the 
little cliff in the foregoing case is formed by a stream 
of lava, which, before being worn back, must have, en- 
tered the sea with a gently sloping surface, it is possible 
or rather it is probable, that the rounded boulders, 
now lying on its summit, are merely the remnant of 
those which had been rolled up during storms to ibeir 
present height. 

Direction of the fissures of eruption. — The volcanic 
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orifices in this group cannot be considered as indis- 
criminately scattered. Three great craters on Albemarle 
Island form a well marked line, extending NW. by N. 
and SE. by S. Narborough Island, and the great crater 
on the rectangular projection of Albemarle Island, 
form a second parallel line. To the east, Hood’s 
Island, and the islands and rocks between it and James 
Island, form another nearly parallel line, wliich, when 
prolonged, includes Culpepper and Wenmau Islands, 
lying seventy miles to the north. The other islands 
lying farther eastward, form a less regular fourth line. 
Several of these islands, and the vents on Albemarle 
Island, are so placed, that they likewise fall on a set 
of rudely parallel lines, intersecting the former lines at 
right angles ; so that the principal craters appear to 
lie on the points where two sets of fissures cross each 
other. The islands thernscdves, with the exception of 
Albemarle Island, are not elongated in the same direc- 
tion with the lines on which they stand. The direction 
of these islands is nearly the same with that which 
prevails in so remarkable a manner in the numerous 
archipelagos of the great Pacific Ocean Finally, I may 
remark, that amongst the Galapagos Ishfnds there is no 
one dominant vent much higher than all the others, 
as may l)e observed in many volcanic arehipelagos: the 
highest is the great mound on the south- westejn e3^- 
tremity of Albemarle Island, which exceeds by barely 
a thousand feet several other neighbouring craters. 
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PART, I. 


CHAPTER VI. 

TRACHYTE AND BASALT. — DTSTKTBUTION OF A'OLCANIO 
ISLE.'^. 


Th4t miking of cry siah in fluid him — Symiflc gravity of the const iineni 
jparis of track if ie and of basalt i and their CiP/isequent separation - Obsi- 
dian — Apparent mn'Scparatiim of the d-enu'nls of pUUonic rocks — 
Origin of trap-dikes in the plntouic emeries - JHslrihut ion of volcanic 
islands \ their prei'aleiice in the great oceans- They are gencralh/ 
arranged in — The central rolrunos of J'on Biich donhtfuT- Vol- 

canic islands bordering continents — Antiquity of Vidranic Islands, and 
their devation m nuiss -Eeuptions on jtaralkl lines of fissure, within 
the same (fiologi cal period. 

On the separatum of the consHhieni mme.rah of lava^ 
acGorcUnfi to their specific fjravitles, — One Bide of 
Fresh-water Bay^ in James Island, is formed by the 
wreck of a large crater, mentioned in tlie last cliapter, 
of which the interior has been tilled up by a pool of 
basalt, aAjout 200 feet in thickness. This tiasalt is of a 
gcay colour, and contains many crystals of glassy albite, 
w^hich become much more numerous in the lower, 
scoriaceous part. This is contrary to wliat might have 
been expected, for if the crystals had been originally 
disseminated in equal numbers, the greater intumescence 
of this lower scoriaceous part would have made them 
appear fewer in number. Von Buch ‘ has described a 
stream of obsidian on the peak of Teneriffe, in which 


' ‘ Description dea Isles Canaries/ pp, 190 and 191 , 
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the crystals of feldspar become more and more numerous, 
as the depth or thickness increases, so that near the 
lower surface of the stream the lava even resembles a 
primary rock. Von Buch further states, that M. Dree, 
in his experiments in meltinfs^ lava, found that the 
crystals of feldspar always tended to precipitate them- 
selves to the bottom of the crucible. In these cases, I 
presume there can be no doubt * that tlie ciystals sink 
from their weight. The specific gravity of feldspar 
varies 2 from 2*4 to 2*58, whilst obsidian seems com- 
monly to be from 2*3 to 2*4 ; and in a fluidified state 
its specific gravity would probably be less, which would 
facilitate the sinking of the crystals of feldspar. At 
James Island, the crystals of albite, although no doubt 
of less weight than the gray basalt, in the parts where 
compact, miglit easily be of greater specific gravity 
than the scoriaeeous mass, formed of melted lava and 
bubbles of heated gas. 

The sinking of crystals through a viscid substance 
like molten rock, as is unequivocally shown to have 
been the case in tlie experiments of M. Dree, is worthy 
ef further consideration, as throwing light on the sepa- 
ration of the trachytic and basaltic series of lavas. 
Mr. P. Scrope has speculated on this subject ; but he 


^ In a mass of molten iron, it is found (‘Edinburgh New Philoso- 
phical Journal,’ vol. xxiv. p. 6(>) that the suhstance^, which Iirto a 
closer affinity for oxygen than inni has, rise from the interior of the 
mass to th'>> surface. Put. a similar cause can hardly apply to tbe^epa- 
ratum of the crystals of these lava streams. The cooling of the surface 
of lava Seems, in some cuses, to have affected its (!oinpo.*«ition ; for 
Pufr^nuy (‘ jWmi. }x>ur sennr,’ tom. iv. p. 271) found that the interior 
parts of a stream near Naples contained two-thirds of a mineral which 
was acttwl on by acids, whilst the surfiicxj consisted chiefly of a mineral 
uuattaekable by acids. 

^ * I have taken the specific gravities of the simple minerals from Von 
Kohell, one of the latesi and best autliorities, and of the rocks from 
various authorities. Obsidian, ac^cording to Phillips, is 2 3d ; and 
♦Tamesoa says it never exceeds 2‘4 ; but a specimen from Ascension, 
Weighed by myself, was 2-42. 
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does not seem to have been aware of any positive facts, 
such as those above given ; and he has overlooked one 
very necessary element, as it appears to me, in the 
phenomenon — namely, the existence of either the 
lighter or heavier mineral in globules or in crystals* 
In a substance of imperfect fluidity, like molten rock, 
it is hardly credible, that the separate, infinitely small 
atoms, whether of feldspar, augite, or of any other 
mineral, would have power from their slightly different 
gravities to overcome the friction caused by their 
movement; but if the atoms of any one of these 
minerals became, whilst the others remained fluid, 
united into crystals or granules, it is easy to perceive that 
from the lessened friction, their sinking or floating power 
would be greatly increased. On the other hand, if all 
the minerals became granulated at the same time, it is 
scarcely possible, from their mutual resistance, that any 
separation could take place. A valuable, practical dis- 
covery, illustrating the effect of the granulation of one 
element in a fluid mass, in aiding its separation, has 
lately been made : when lead containing a small pro- 
portion of silver, is constantly stirred whilst cooling, it 
becomes granulated, and the grains or imperfect crystals 
of nearly pure lead sink to the bottom, leaving a 
residue of melted metal much richer in silver; whereas 
if the mixture be left undisturbed, although kept fluid 
for a length of time, the two metals show no signs of 
separating.^ The sole use of the stirring seems to be, 

* A full and interesting account of this discorery, by Hr. Pattinson, 
was rea<i before the British Association in Septemhor, 1R38. In some 
alloys, according to Turner pChemistry,’ p. 210), the heairiest metal 
sin^, and it appears that this takes place whilst both metals are fluid. 
"Where there is a considerable difference in gmvity, as between iron 
and the slag formed during the fusion of the ore, w« need not h& sur- 
prised at the atoms separating, without either substance being granu- 
lated. 
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the formation of detached grannies. The specific 
gravity of silver is 10*45 and of lead 11*35 : the granu- 
lated lead, which sinks, ia never absolutely pure, and 
the residual fluid metal contains, when richest, only 
Ti 9 silver. As the diflference in specific gravity, 

caused by the different proportions of the two metals, 
is so exceedingly small, the separation is probably aided 
in a great degree by the difference in gravity between 
the lead, when granular though still hot, and when 
fluid. 

In a body of liquefied volcanic rock, left for some 
time without any violent disturbance, we might expect, 
ill accordance with the above facts, that if one of the 
constituent minerals became aggregated into crystals 
or granules, or had been enveloped in this state from 
some previously existing mass, such crystals or granules 
would rise or sink, according to tlieir specific gravity. 
Now we have plain evidence of crystals being embedded 
in many lavas, whilst the paste or basis has continued 
fluid. I need only refer, as instances, to the several, 
great, pseudo-])()rphyritic streams at the Galapagos 
Islands, and to the trachytic streams in many parts of 
the world, in which we find crystals of feldspar bent 
and broken by the movement of the surrounding, semi- 
fluid matter. Lavas are chiefly cornposal of three 
varieties of feldspar, varying in .specific gravity from 
2*4 to 2*74 : of hornblende and augite, varying from 3*0 
to 3*4 ; of olivine, varying from 3*3 to 3*4 ; and lastly, 
of oxides of iron, with specific gravities from 4*8 to 5*2. 
Hence crystals of feldspar, enveloped in a mass of 
liquefied, but not highly vesicular lava, would tend fo 
rise to the upper parts ; and crystals or granules of the 
other minerals, thus enveloped, would tend* to sink. 
We ought not, however, to expect any perfect degree 
of separation in such viscid materials. Trachyte, 
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which consists chiefly of feldspar, with some hornblende 
and oxide of iron, has a specific fjfravity of about 2*45 ; ^ 
whilst basalt composed chiefly of augite and feldspar, 
often with much iron and olivine, has a gravity of about 
3'0, Accordingly we find, that where both trachytic 
and basaltic streams have proceeded from the same 
orifice, the trachytic streams have generaLly been first 
erupted, owing, as we must suppose, to the molten lava of 
this series having accumulated in tlie upper parts of 
the volcanic focus. This order of eruption has been 
observed by I^endnnt, Scrope, and by other authors; 
three instances, also, have been given in tins volume. 
As the later eruptions, however, from most volcanic 
mountains, burst t.hrough their basal ])arts, owing to 
the increased lieight and weight of the internal column 
of molten rock, we see why, in most cases, only the 
lower flanks of the central, trachytic masses, are en- 
veloped by basaltic stn^ams. The separation of the 
ingredients of a mass of lava would, perhaps, sometimes 
take place within the body of a volcanic mountain, if 
lofty and of great dimensions, instead of within the 
underground focus ; in wliicli case, trachytic streams 
might be poured forth, almost conteinporaneously, or 
at short recurrent intervals, from its summit, and 
basaltic streams from its l>ase : this seems to have taken 
place at Teneriffe.'^ I need only further remark, that 
from violent disturbances the separation of the two 
series, even under otherwise favourable conditions, 
would naturally often }>e prevented, and likf^wise tl>eir 


* Trachyte from Javn,, found hy Von Eiich to ]>e 2*47 ; from 
Ativerjime, by Be la Beche, it was 2'42 : from AsceriHioii, by myself, it 
•was 2*42. Jameson and other authors gfive to basalt a specitic 
of 3*0 ; but spe *j mens from Auvery:ne were found, by T)e la Beche, to 
be only 2*78 ; and from the Giant's Causeway, to bo 2*91, 

^ Consult Von Buch's -^^'eU-known and admirable Detmptwrt l*h/^ 
of this island^ which might serve as a model of descriptive geology. 



CHAP, Ti. Trachyte and Basalt 137 

usual order of eruption be inverted. From the high 
degree of fluidity of most basaltic lavas, these perhaps, 
alone, wuld in many cases reach the surface. 

As we have seen that crystals of feldspar, in the 
instance described by Von Buch, sink in obsidian, in 
accordance with their known greater specific gravity, 
we might expect to find in every trachytic district, 
where obsidian has flowed as lava, that it had proceeded 
from the upper or liighest orifices. This, according to 
Von Buch, holds good in a remarkable manner both at 
tlie Li pari Islands and on the Peak of TeneriflPe; at 
this latter place obsidian has never flowed from a less 
height than 9,200 feet. Obsidian, also, appears to have 
IxHm erupted from the loftiest peaks of the Peruvian 
Cordillera, 1 will only furtlier observe, that the specific 
gravity of quartz varies from 2'0 to 2*8 ; and therefore, 
that when present in a volcanic focus, it would not tend 
to sink with the basaltic bases ; and this, perhaps, 
explains the frequent presence, and the abundance of 
this mineral, in the lavas of the trachytic series, as 
observed in previous parts of this volume. 

An objection to the foregoing thecuy, will, perhaps, 
l>e drawn, from the plutonic rocks not being separated 
into two evidently distinct series, of different specific 
gravities ; although, like the volcanic, they have been 
liquefied. In answer, it may first be remarked, that 
we have no evidence of the atoms of any one of the 
constituent minerals in the plutonic series baving^)een 
aggregated, whilst the others remained fluid, which we 
have endeavoured to show is an almost necessary con- 
dition of their separation ; on the contrary, the crystals 
have generally impressed each other with their forms.^ 

* The crystalline paste of phonolite is frequently penetrated hy long 
needles of hornblende ; from which it appears, that the hornblende, 
tliough the more fusible mineral, has crystallised before, or at the 
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In the second place, the perfect tranquillity^ under 
which it is probable that the plutonic masses, buried at 
profound depths, have cooled, would, most likely, be 
highly unfavourable to the sepaiation of their consti- 
tuent minerals ; for, if the attractive force, which during 
the progi^ssive cooling draws together tlie molecules of 
the difierent minerals, has power sufficient to keep 
them together, the friction between such half-formed 
ci^staLs or pasty globules would effectually prevent the 
heavier ones from sinking, or the ligliter ones from 
rising. On the other hjind, a small amount of disturb- 
ance, which would probably occur in most volcanic 
foci, and whicli we have seen does not prevent the 
separation of granules of lead from a mixture ol molten 
lead and silver, or crystals of foldspar from streams ot 
lava, by breaking and dissolving tlie less perfectly 
formed globules, would permit the more perfect and 
therefore unbroken crystals, to sink or rise, according 
to their specific gravity. 

Although in plutonic rocks two distinct species, 
corresponding to the trachytic and liasaltic series, do 
not exist, I much suspect, that a certain amount of 
separaiion of their constituent parts has often taken 
place. I suspect this from having observed how fre- 
quently dikes of greenstone and basalt intersect widely 

same time with, a more refractory suhat-ance. Phonolite, as far as my 
observations f»crve, in every instaneo appears to Ije an injected rock, 
like those of the plutonic series ; hence probahly, like these latter, it 
has generally been cooled without repeated and violent disturbances. 
Those geolof^ista who have doubted wliether granite could have been 
formed by igneous liquefaction, because minerals of different degrees of 
fusibility impriiss eacdi other with their forms, could not liave been 
aware of the fact of crystallised honiHendc p^netratimr phonolite, a 
rock undoubtedly of igneous origin. The viscidity, which it is now 
known, that both feldspar and quartz retain at a tompeniture much 
below their points of fusion, easily explains their mutual impressfnent. 
Consult on this subject Mr. Homer’s paper on Bonn, ‘ Geolog. Transact.’ 
Tol. ir. p. 439 ; and ‘ L’Institut,’ with respect to quartz, 1839, p. 131. 
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extended formations of granite and the allied meta- 
morphic rocks. I have never examined a district in 
an extensive granitic region without discovering dikes ; 
I may instance the numerous trap-dikes, in several 
districts of Brazil, Chile, and Australia, and at the Cape 
of Good Hope : many dikes likewise occur in the great 
granitic tracts of India, in the north of Europe, and in 
other countries. Whence, then, has the greenstone 
and basalt, forming these dikes, come ? Are we to 
suppose, like some of the elder geologists, that a zone 
of trap is uniformly spread out l)eneath the granitic 
series, which composes, as far as we know, the founda- 
tions of the earth’s crust ? Is it not more probable, that 
tliese dikes have been formed by fissures penetrating 
into partially cooled rocks of the granitic and meta- 
morphic series, and by their more fluid parts, consisting 
chiefly of hornblende, oozing out, and being sucked 
into such fissures ? At Bahia, in Brazil, in a district 
composed of gneiss and primitive greenstone, I saw 
many dikes, of a dark augitic (for one crystal certainly 
was of this mineral) or hornhlendic rock, which, as 
several appearances clearly proved, either had been 
formed before the surrounding mass had l>ecome solid, 
or had together with it been afterwards thoroughly 
softened.' On both sides of one of these dikes, the 
gneiss was penetrated, to the distance of several yards, 
by numerous, curvilinear threads or streaks of dark 
matter, whicli resembled in form clouds of the class 
called cirrhi-comae ; some few of these threads could be 
traced to their junction with the dike. When examin- 

* Portions of these dikes have been broken oif» and are now sur- 
rounded by the primary rocks, with their Inminse conformably winding 
round them. l5r. Hubbard, also (SSilliman's Journal,’ rol. xxxiv. p. 
119), has described an interlacement of trap-veins in the granite of the 
White Mountains, which he thinks must have been formed when both 
rocks were soft. 



140 The Distrihition of -pxrt t. 

ing theirij I doubted whether such hair-like and curvili- 
near veins could have been injected, and I now suspect, 
that instead of having been injected from the dike, 
they were its feeders. If the foregoing view of the 
origin of trap-dikes in widely extended granitic regions 
far from rocks of any other formation, be admitted as 
probable, we may further admit, in tlie case of a great 
lK)dy of platonic rock, being impelled by repeated 
movements into the axis of a mountain-cliain, that its 
more liquid constii-uent parts might drain into deep 
and unseen abysses ; aftenvards, perhaps, to be brought 
to the surface under the form, either of injected masses 
of greenstone and augitic porphyry,^ or of basaltic 
eruptions. Much of the diflSeulty which geologists 
have experienced, when they luive compared the com- 
position of volcanic with plutonic formations, will, I 
think, be removed, if we may believe, that most plutonic 
masses have been, to a certain extent, drained of those 
comparatively weighty and easily liquefied elements, 
which compose the trappean and basaltic series of rocks. 
On the (listributicm of volcanic islands , — During 
my investigations on coral-reefs, I bad occasion to 
consult the works of many voyagers, and I was invari- 
ably struck with the fact, that with rare exceptions, the 
innumerable islands scattered throughout tlie Pacific, 
Indian, and Atlantic Oceans, were composed either of 


^ Kr. Phillips (‘ Lardner’s Cyclopaedm,’ vol. ii. p. IIT)) quotes Von 
jBuch's statement, that augitic porpliyry ranges parallel to, and is 
found constantly at the base of, great chains of mountains. Humboldt, 
also, has remarked the frequent occurrence of trap-rock, in ii similar 
position ; of which fact I have observed many examples at the foot of 
the Chilian Cordillera. The existence of granite in tlie axes of great 
mountain chains is always probable, and I am tempted to suppose, 
that the laterally injeded masses of augitic porphyry and of trap, bear 
nearly the same relation to the granitic axes which basaltic lavas lioar 
to the central trachytic masses, round the flauks of which they have 
so frequently been erupted. 
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volcanic, or of modem coral rocks. It would be tedious 
to give a long catalogue of all the volcanic islands ; but 
the exceptions which I have found are easily enumer- 
ated : in the Atlantic, we have St. Paul’s Rock, de- 
scribed in this volume, and the Falkland Islands, 
composed of quartz and clayslate ; but these latter 
islands are of considerable size, and lie not very far 
from the South American coast. ' ; in the Indian Ocean, 
the Seychelles (situated in a line prolonged from Mada- 
gascar) consist of granite and quartz: in the Pacific 
Ocean, New Caledonia, an island of large size, belongs 
(as far as is known) to the primary class. New Zealand, 
wliieh contains much volcanic ro('k and some active 
volcanos, from its size cannot be classed with the small 
islands, which we are now considering. The presence 
of a small quantity of non-volcanic rock, as of clay-slate 
on three of the Azores,*-^ or of tertiary limestone at 
Mfideira, or of clay-slate at Chatham Island in the 
Pacific, or of lignite at Kerguelen Laud, ought not to 
exclude such islands or archipelagos, if formed chiefly 
of erupted matter, from the volcanic class. 

The composition of the numerous islands scattered 
through the great oceans being with such rare excep- 
tions volcanic, is evidently an extension of that law, 
and the effect of those same causes, whether chemical 
or mechanical, from which it results, that a vast majority 
of the volcanos now in action stand either as islands 

* Jiulpng from Forster s imperfect observation, perhaps G-eorgia is 
not volcanic, l)r. Allan is my informant with regard to tlio Seycliellea. 
J do not know of what formation Kotlriguez, iu tho Indian Ocoan, is 
composed. 

* I’liis is stated on the authority of Count V. do Be(iomaT, with 
respect to Flores and Graciosa (Charlswortb ‘ Magazine of Nat. Hist/ 
toL i. p. 6f)7). *St. Maria has no volcanic rock, according to Captain 
Boyd (Von Buch’s ‘Descript.' p. 365). Chatham Island has been do- 
scribod byBr. Dioffenbach, in the ‘Geographical Journal/ 1841, p. 201. 
As yet we have received only imperfect notices on Kerguelen Land, 
from the Antarctic Expedition, 
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in the sea, or near its shores. This fact of the ocean*^ 
islands being so generally volcanic is also interesting 
in relation to the -nature of the mountain-<jhains on 
our continents, which are comparatively seldom vol- 
canic ; and yet we are led to suppose that where our 
continents now stand an ocean once extended. Do 
volcanic eruptions, we may ask, reach the surface more 
readily through fissures formed during the first stages 
of the conversion of the bed of the ocean into a tract 
of land ? 

Looking at the charts of the numerous volcanic 
archipelagos, we see that the islands are generally 
arranged either in single, doulde, or triple rows, in 
lines which are frequently curved in a slight degree.^ 
Each separate island is either rounded, or more gene- 
rally elongated in the same direction with the group 
in which it stands, but sometimes transversely to it. 
Some of the groups which are not much elongated 
present little symmetry in their forms; M. Virlet’^ 
states that this is the case with the Grecian Archi- 
pelago ; in such groups I suspect ffor I am aware how 
easy it is to deceive oneself on these points), that the 
vents are generally arranged on one line, or on a set 
of short parallel lines, intersecting at nearly right 
angles another line, or set of lines. The Galapagos 
Archipelago oflFers an example of this structure, for 
most of the islands and the chief orifices on the largest 
island are so grouped as to fall on a set of lines ranging 
about NW. by N., and on another set ranging about 
WSW. : in the Canary Archipelago we have a simpler 
structure of the same kind: in the Cape de Verde 

* Professors William and Henly Darwin Rogers have lately insisted 
nrnchf in a memoir read before the American Association, on the regu- 
larly curved lines of elevation in parts of the Appalachian range. 

* * Bulletin de la Soc. G4olog,’ tom. iii, p. 110. 
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group, ■which appears to be the least symmetrical of 
any oceanic volcanic archipelagic, a NW. and S.E* 
line formed by several islands, if prolonged, would 
intersect at right angles a curved line, on which the 
remaining islands are placed. 

Von Buch ^ has classed all volcanos under two heads, 
namely, central volcanos^ round which numerous erup- 
tions have taken place on all sides, in a manner almost 
regular, and volcanic chains. In the examples given 
of the first class, as far as position is concerned, I can 
see no grounds for their being called ^ central ; ’ and 
the evidence of any difference in mineralogical nature 
between central volcanos and volcanic chains appears 
slight. No doubt some one island in most small 
volcanic archipelagos is apt to be considerably higher 
than the others ; in a similar manner, whatever the 
cause may be, that on the same island one vent is 
generally higher than all the others. Von Buch does 
not include in his class of volcanic chains small archi- 
pelagos, in which tlie islands are admitted by him, as 
at tlje Azores, to be arranged in Hues; but when 
viewing on a inap of the world how perfect a series 
exists from a few volcanic islands placed in a row to 
a train of linear archipelagos following each other in 
a straight line, and so on to a great wall like the 
Cordillera of America, it is difficult to believe that 
there exists any essential difference between short and 
long volcanic chains. Von Buch^ states that his 
volcanic chains surmount, or are closely connected 
with, mountain-ranges of primary formation : but if 
trains of linear ^chipelagos are, in the course«of time, 
by the long-continued action of the elevatory and 
volcanic forces, converted into mountain-ranges, it 

* * Description d«s Isles Canaries/ p, 324. 

* Idem, p. 893. 
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would uaturally result that the inferior primary rocks 
would often be uplifted and brought into view. 

Some authors have remarked tliat volcanic islands 
occur scattered, though at very unequal distances, along 
the shores of the great continents, as if in some measure 
connected witli them. In the case of Juan Fernandez, 
situated 330 miles from the coast of Chile, there was 
undoubtedly a connection between the volcanic forces 
acting under tliis island and under the continent, as 
was shown during the earthquake of 1835. The 
islands, moreover, of some of the small volcariic groups 
which thus ]>order continents, are placed in lines, re- 
lated to those along which the adjoining shores of 
the continents tnnd ; I may instance the lines of 
intersection at the Galapagos, and at the Cape de 
Verde Archipelagos, and the best marked line of tlie 
Canary Islands. If these facts he not merely ac^bidental, 
we see that many scattered volcanic islands and small 
groups are related not only by proximity, but in the 
direction of the fissures of eruption to the neighbouring 
continents — a relation, which Von lluch considers, cha- 
racteristic of his great volcanic chains. 

In volcanic archipelagos, the orifices ar(\ seldom in 
activity on more than one island at a time; and the 
greater eruptions usually recur only after long intervals. 
Observing the number of cratiu's, that are ustially found 
on each island of a group, and the vast amount of 
matter whicli has been erupted from them, ooe is led 
to attribute a high antiquity even to those groups, which 
appear, like the GalapagOvS, to be of comparatively recent 
origin. This conclusion accords with. the prodigious 
amount of degradation, hy the slow action of the sea, 
which their originally sloping coasts must have suffered, 
when they are worn back, as js so often the case, into 
grand precipices. We ought not, however to suppose, 
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in hardly any instance, that the whole body of matter, 
forming a volcanic island, has been erupted at the 
level, on which it now stands : the number of dikes, 
which seem invariably to intersect the interior parts of 
every volcano, show, on the principles explained by 
M. Elie de Beaumont, that the whole mass lias been 
uplifted and fissunid, A connection, moreover, between 
volcanic eruptions and contemporaneous elevations in 
mass ^ has, I think, heon shown to exist, in my work on 
Coral Beefs, both from the froquemt presence of upraised 
organic remains, and from the structure of tlio accom- 
panying coral-i-cefs. Finally, I may remark, that in 
the same Archipelago, eruptions liave taken place within 
the historical period on more than one of tlje parallel 
lines of fissure : thus, at the Galapagos Arcdiipelago, 
eruptions have taken place from a vent on Narborough 
Island, and from one on Albemarle Island, which vents 
do not fall on the same line ; at the Canary Islands, 
eruptions have taken place in Teneriffe and Lanznrote; 
and at the Azores, on the three parallel lines of Pico, 
St. Jorge, and Terceira. Believing that a mountain- 
axis differs essentially from a volcano, only in ])lutonic 
rocks having ])een injected, instead of volcanic matter 
having been ejected, this appears to me an interesting 
circumstance ; for we may infer from it as probable, 
that in the elevation of a mountain-chain, two or more 
of the parallel lines forming it may be upraised and 
injected within the same geological period. 

' A similar conclusion is forced on by the plionomena, \rliicli 
accompanied the earthquake of 1835, at Conception, and which are 
detailed in my pai>er (vol. v, p. 601) in the ‘Geological Traiflsactions/ 
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New South Wales. 


PART I, 


CHAPTER Vir. 


JVtfW' ^onth Walci^ — Simidsfniie formafion — Emhfddp.d pfiPtid/^-fi'acjmenU 
of shale — Stratifwaiion—Curre)it-i-l(‘avacfe-~Grr.ai vnlbjis . — Vau. Die- 
mens Land. — Vaheoaoic Jormaiion — j^ewer format hm with volcanic rocks 
— Travertin with leaves of exfincf plants — FJcvafinn of the land. — New 
Zealand -’■King George's Sound. — SuperJIcial ferruginous ljeds—-Sti- 
perfieial mloare.ous deposits, with casts of bran ches— Their origin from 
d.riffed pxtrticles of shells and corals- -Their extent— Cope of Good 
Hope— Junction of the granite and elay-slaie — Sand.sf one formation. 


The Beagle^ in her liomeward voyage, touched at New 
Zealand, Australia, Van Dieraen’s Land, and the Cape 
of Good Hope. In order to confine Hie Second Part of 
these Geological Observations to South America, I will 
here briefly describe all that I obsc^rved at these places 
worthy of the attention of geologists. 

New South Wtdes , — My opportunities of observa- 
tion consisted of a ride of ninety geographical miles to 
Bathurst, in a WNW. direction from Sydney. The 
first tliirty miles from the coast passes over a sandstone 
country, broken up in many places by Hap-rocks, and 
separated by a bold escarpment overhanging tlie river 
Nepean, from the great sandstone platform of the Blue 
Mountains. This upper platform is 1,000 feet high at 
the edge of the escarpment, and rises in a distance of 
twenty-five miles to between 3,000 and 4,000 feet above 
the level of the sea. At this distance the road descends 
to a country rather less elevated, and composed in chief 
part of primary rocks. There is much granite, in one 
part passing into a red porphyry with octagonal 
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crj^stals of quartz, and intersected in some places by 
trap-dikes. Near the Downs of Bathurst I passed over 
mucli pale-brown, glossy clay-slate, with tlie shattered 
laminae running north and south : I mention this fact, 
because Captain King informs me that, in the country 
a hundred miles southward, near Lake George, the 
mica-slate ranges so invariably north and south that 
the inhabitants take advantage of it in finding their 
way tlii’ough the forests. 

Tlie sandstone of ihe Blue IMountains is at least 
1,200 feet thick, and in Some parts is apparently of 
greater thickness; it consists of small grains of quartz, 
cemented by white earthy matter, and it abounds with 
ferruginous veiiivS. The lowTr beds sometimes alternate 
with shales and coal : at Wolgan T found in carbona- 
ceous shale leaves of the Glossopteris Bro^vnii^ a fern 
which so frequently accompanies the coal of Australia. 
The sandstone contains pebbles of quartz ; and these 
generally increase in number and siz(' (seldom, however, 
exceeding an inch or two in diameter) in the upper 
beds : I observed a similar circumstance in the grand 
sandstone formation at the Cape of Good Hope. On 
the South American coast, where tertiary and supra- 
tertiary beds have been extensively elevated, I re- 
peatedly noticed that the uppermost beds were formed 
of (coarser materials than the lower: this appears to 
indicate that, as the sea became shallower, the force of 
the waves or currents increased. On the lower plat- 
form, liowever, between the Blue Mountains and the 
coast, I observed that the upper beds of the sandstone 
frequently passed into argillaceous shale, — ttie effect, 
probably, of this lower space having been protected 
from strong currents during its elevation. The sand- 
stone of the Blue Mountain^ evidently ha\*ing been of 
mechanical origin, and not having suffered any meta-» 
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morphic action, I was surprised at observing that, in 
some specimens, nearly all the grains of qiiariz were so 
perfectly crystallised with brilliant facets that they 
evidently had not in tlieir present form been aggregated 
in any previously existing roek.^ It is difficult to 
imagine how these crystals could have been formed ; 
one can liardly believe that they were separately pre- 
cipitated in their present crystallised state. Is it 
possible that roundtKl grains of quartz may have been 
acted on by a fluicl corroding their surfaces, and de- 
positing on them fresh silica ? I may remark that, in 
the sandstone formation of the Cape of Good Hope, it 
is evident tliat silica has been profusely deposited from 
aqueous solution. 

In several parts of the sandstone I noticed patches 
of shale which might at the first glaru^e have been 
mistaken for extraneous fragments; their horizontal 
lamince, however, being parallel with those of the 
sandstone, show^ed that they were the remnants of thin, 
continuous beds. One such fragment (probably the 
section of a long narrow strip)’ seen in tlie face of a cliff, 
was of greater vertical thickness than breadth, which 
proves tliai, this bed of shale must have been in some 
slight degree consolidated, after having been deposited, 
and before being worn away by the currents. Each 
patch of the shale shows, also, how slowly many of tlie 
successive layers of sandstone were deposited. These 
pseudo-fragments of shale will perhaps explain, in some 
cases, the origin of apparently extraneous fragments in 


' T have lately Heen, in a paper hy Smith (the father of English 
geologists), in the ‘ Magazine of Natural History/ thiit the grains of 
quartz in the nullstone grit of England are often crystalHsocl, Sir 
Havid Brewster, in a paper read before the British Association, 1840, 
states, that in old decomposed glass, ihc silex and metals separate into 
concentric rings, and that the silex regains its crystalline structure, as 
is shown by its action on light. 
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crystalline metamorphic rocks. I mention this, because 
I found near Eio de Janeiro a well-defined angular 
fragment, seven yards long by two yards in bread tli, of 
gneiss containing garnets and mica in layers, enclosed 
in the ordinary, stratified, porpbyritie gneiss of the 
country. The lamiine of the fragment and of tlie sur- 
rounding matrix ran in exactly the same direction, but 
they dipped at different angles. I do not wish to 
affirm that tliis singular fragment (a solitary case, as 
far as I know) was originally deposited in a layer, like 
the shale in the Illue Mountains, between the strata of 
the porphyrific gneiss, before they were metamorphosed ; 
but there is sufficient analogy between the two cases to 
render such an ex})lanation possible. 

Stviitificat'ioii of the eHcarprueni , — The strata of 
the Blue iMountains appear to the eye h<.»rizonial ; but 
they probably have a similar inclination witli the sur- 
face of the platform, which slopes from tlie west t-o- 
wards the escarpment over the Nepc‘an, at an angle of 
one degree, or of .one hundred feet in a inile.^ The 
strata of the escarpnnmt dip almost conformably with 
its steeply inclined face, and with so mucli regularity, 
that they appear as if thrown into their }>resent position ; 
but on a more careful examination, thew are seen to 
thicken and to thin out, and in tlie uppcr^r part to be 
succeeded and almost capped by horizontal beds. These 
appearances render it pro])able, that we here see an 
original escarpment, not formed by the sea having 
eaten back into the strata, but by the strata having 
originally extended only thus far. Those ^who have 
been in the habit of examining accurate charts of sea- 
coasts, where sediment is accumulating, will he aware, 
that the surfaces of tlie hanks thus formed, generally 

’ This is? stated. on the authority of Sir T. Mitchell, in his ‘ Travels/ 
rob ii. p. 3t57. 
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slope from the coast very gently towards a certain line 
in the offing, beyond which the depth in most cases sud- 
denly becomes great. I may instance the great banks 
of sediment within the West Indian Archipelago,' 
which terminate in submarine slopes, inclined at angles 
of between 30 and 40 degrees, and sometimes even at 
more tlian 40 degrees: everyone knows how steep such 
a slope would appear on the land. Banks of tins nature, 
if uplifted, would probably have nearly the same ex- 
ternal form as the platform of the Ihiie Mountains, 
where it abruptly terminates over tlie Nepean. 

Current cleavaf/e. — Tiie strata of sandstone in the 
low coast country, and likewise on the Blue Mountains, 
are often divided by cross or current laminae, wliich 
dip in different directions, and frequently at an angle 
of forty-tive degrees. Most authors have attributed 
these cross layers to successive small accmmulations on 
an inclined surface ; but from a careful examination in 
some parts of the New Bed sandstone of England, I 
believe that such layers generally form parts of a series 
of curves, like gigantic tidal ripples, the tops of which 
have since been cut off, either }>y nearly liorizontal 
layers, or by another set of great ripples, the folds of 
which do not exactly coincide with those below them. 
It is well known to surveyors that mud and sand are dis- 
turbed during storms at considerable depths, at least from 
300 to 450 feet,^ so that the iiatAire of the bottom even 
becomes temporarily changed ; the bottom, also, at a 

* I have (Icscriliod tJieso very curious banks in the Appendix (2nd 
edit. p. 205) tx olume on the, structure of Coral Reefs. I have 
aw‘ert,aiiied the inciii ition of the e<lgos of the banks, from information 
given me by Ca]>tai lb Alien, one of the surveyors, and by carefully 
measuring the honzi itnl (listances between the last sounding on the 
bank and the first in the deep water. Widely extended liaiiks in all 
parts of the West Indies have the same general form of surface. 

^ See Martin White, on ‘ Soundings in the British Channel,’ tm. 4 
and 166. ^ 
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depth between 60 and 70 feet, has been observed * to be 
broadly rippled. One may, therefore, be allowed to 
suspect, from the appearances just mentioned in the 
New Ked sandstone, that at greater depths, the l)ed of 
the ocean is heaped up during gales into great ripple- 
like furrows and depressions, which are afterwards cut 
off by the currents during more tranquil weather, and 
again furrowed during gales* 

in the mudstone platfdruts. — The grand 
valleys, by which the Blue Mountains and the other 
sandstone platforms of this pait of Australia are pene- 
trated, and which long offered an insuperable obstacle 
to the attempts of the most enterprising colonist to 
reach tlie interior country, form the most striking 
feature in the geology of New South Wales. They are 
of grand dimensions, and are 1)ordered by continuous 
lines of lofty cliffs. It is not easy to conceive a more 
magnificent spectacle, than is presented to a person 
walking on the summit-plains, when without any notice 
he arrives at the brink of one of these cliffs, which are 
so perpendicular, that he can strike with a stone (as I 
have tried) the trees growing, at the depth of between 
1,000 and 1,500 feet below him; on both hands be sees 
headland beyond headland of the receding line of cliff, 
and on the opposite side of the valley, often at the 
distance of several miles, he beholds another line rising 
up to the same lieight with that on which he stands, 
and formed of the same horizontal strata of pale sand- 
stone. The bottoms of these valleys are moderately level, 
and the fall of the rivers flowing in them, according to 
Sir T. Mitchell, is gentle. The main valleys 6ften send 
into the platform great bay-like arms, which expand at 
their upper ends ; and on the other hand, the platform 

’ M. Siau on the ‘ Action of Waves : ’ ‘ Edin. New Phil. Journ.’ rot 
xxxi. p. 246. 
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often sends promontories into the valley, and even 
leaves in tliem great, almost insulated, masses. So 
continuous are the bounding lines of cliff*, that to 
descend into some of these valleys, it is necessary to go 
round twenty miles ; and into others, the surveyors 
have only lately penetrated, and the colonists liave not 
y^ been al^le to drive in their cattle. But the most 
remarkable point of structure in these valleys, is, that 
although several iriiles wide in their upper parts, they 
generally contract towards their mouths to such a degree 
as to become impassable. The Surveyor-General, Sir 
T. Mitchell,' in vain endeavoured, first on foot and then 
by crawling between the great fallen fragments of sand- 
stone, to ascend tlirough the gorge by which the river 
Grose joins the Ne}x?an: yet the valley of the Grose in 
its upper part, as I saw, forms a magnificent basin some 
miles in wddth, and is on all sides surrounded by cliffs, 
the summits of which are believed to be nowhere less 
than 3,000 feet above the level of the sea. Wlien cattle 
are driven into the valley of the Wolgan by a path 
(which I descended ) partly cut by the colonists, they 
cannot escape; for this valley is in every other part 
surrounded by perpendicular cliffs, and eight miles 
lower down, it contracts, from an avt^rage width of half 
a mile, to a mere chasm impassable to man or beast. 
Sir T. Mitchell ^ states, that the great valley of the Cox 
river with all its branches contracts, who‘re it unites 
with the Nepean, into a gorge 2,200 yards wide, and 
about 1,000 feet in depth. Other similar cases might 
have been added, 

Tlie first impression, from seeing the correspondence 

* * Travels in Atistralia,’ vol. i. p. 154.-1 must express iny obliga- 
tion to Sir T» Mitchell, for several interesting personal communications 
on the Subject of these great valleys of Now tkaith Wales. 

^ Gdem,’ vol. ii. p. 358. 
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of the horizontal strata^ on each side of these valleys 
and great amphitheatre-like depressions, is that they 
have been in chief part hollowed out, like other 
valleys, by aqueous erosion ; but when one reflects on 
the enormous amount of stone, which on this view 
must liave been removed, in most of the above cases 
througli mere gorges or chasms, one is led to ask 
whetlier these spaces may not have subsided. But con- 
sidering the form of the irregularly branching valleys, 
and of the narrow promontories, projecting into them 
fi'om the platforms, we are compelled to abandon this 
notion. To attribute these hollows to alluvial action, 
would be preposterous; nor does the drainage from 
the summit-level always fall, as I remarked near 
the Weatherboard, into the head of these valleys, but 
into one side of their bay-like recc^sses. Some of the 
inhabitants remarked to me, that they never viewed 
one of these bay-like recesses, with the headlaiids re- 
ceding on botli hands, witliout being struck with their 
resemblance to a bold sea-coast. This is certainly the 
case ; moreover, the numerous fine harbours, with their 
widely branching arms, on the present coast of New 
South Wales, which are generally connected with the 
sea hy a narrow mouth, from one mile to a quarter of a 
mile in width, passing through the sandstone coast-cliffs, 
present a likeness, thougli on a miniature scale, to the 
great valleys of the interior. But then immediately 
occurs the startling difficulty, why has tlie sea worn out 
these great, though circumscribed, depressions on a 
wide platform, and left mere gorges, through which 
the whole vast amount of triturated matter ‘must have 
been carried away ? The only light I can throw on 
this enigma, is by showing that banks appear to be 
forming in some seas of the most irregular forms, and 
that the sides of such banks are so steep (as before 



1 54 New South Wales. part i, 

stated) that a comparatively small amount of subse- 
quent erosion would form them into cliffs : that the 
waves have power to form high and precipitous cliiSFs, 
even in land-locked harbours, I have observed in many 
parts of South America, In the Red Sea, banks with 
an extremely irregular outline and composed of sedi- 
ment, are penetrated by the most singularly shaped 
creeks with narrow mouths : this is likewise the case, 
though on a larger scale, with the Bahama Banks. 
Such banks, I have been led to suppose,^ have been 
formed by currents heaping sediment on an irregular 
bottom, TJrat in some cases, the sea, instead of spread- 
ing out sediment in a uniform sheet, heaps it round 
submarine rocks and islands, it is hardly possible to 
doubt, after having examined the cliarts of the West 
Indies, To apply these ideas to the sandstone plat- 
forms of Xew South Wales, I imagine that the strata 
might have been heaped on an irregular bottom by the 
action of strong currents, and of the undulations of an 
open sea ; and that the valley-like spaces Urns left un- 
filled might, during a slow elevation of the land, have 
had their steeply sloping flanks worn into cliffs ; the 
worn-down sandstone being removed, either at the time 
when the narrow gorges were cut by the retreating sea, 
or subsequently hy alluvial action. 


Van Diemen^s Land, 

The southern part of this island is mainly formed of 
mountains of greenstone, which often assumes a syenitic 

* See the ‘Appendix’ (2nd edit pp. 251 and 255) to the ‘Part on 
Coral Reefs.’ I'lie faet of the sea heaping up mud round a submarine 
nucleus, is woj-thy of the notice of geologists : for outlayers of the same 
composition with the cnjjist- bunks ^are thus formed; and these, if 
upheaved and worn into clilfs, would naturally bo thought to have been 
Qnco connected together. 
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character, and contains much hypersthene* These moun- 
tains, in their lower half, are generally encased by strata 
containing numerous small corals and some shells. 
These shells have been examined by Mr. Gr. B. Sowerby, 
and are described in the Appendix : they consist of two 
species of Producta, and of six of Spirifera ; two of 
these, namely, P. rugata and S. rotandctta^ resemble, 
as far as their imperfect condition allows of comparison, 
British mountain-limestone shells. Mr. Lonsdale has 
had the kindness to examine the corals ; they consist 
of six undescribed species, belonging to three genera. 
Species of these genera occur in the Siluriari;, Devonian, 
and Carboniferous strata of Europe. Mr. Lonsdale 
remarks, that all these fossils have undoubtedly a 
Palieozoic character, and that probably they correspond 
in age to a division of the system above the Silurian 
formations. 

The strata containing these remains are singular 
from tlie extreme variability of their mineralogical 
composition. Every intermediate form is present, 
between flinty-slate, clay-slate passing into gray-wacke, 
pure limestone, sandstone, and poreellanic rock; and 
some of the beds can only be described as composed 
of a siliceo-calcareo-clayslate. The formation, as far 
as I could judge, is at least a thousand feet in thick- 
ness ; the upper few hundred feet usually consist of a 
siliceous sandstone, containing pebbles and no organic 
remains ; tlie inferior strata, of which a pale flinty slate 
is perhaps tlie most abundant, are the most variable ; 
and tliese chiefly abound with the remains. Between 
two beds of hard crystalline limestone, neai^Newtown, 
a layer of white soft calcareous matter is quarried, and 
is used for whitewashing houses. From information 
given to me by Mr. Frankland, the Surveyor-Greneral, 
it appears that this Palaeozoic formation is found in 
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' different parts of the whole island ; from the same 
authority, I may add, that on the north-eastern coast and 
in Bass’ Straits primary rocks extensively occur. 

The shores of Storm Bay are skirted, to the height 
of a few hundred feet, by strata of sandstone, contain- 
ing pebbles of the formation just described, with its 
characteristic fossils, and therefore belonging to a sub- 
sequent age. These strata of sandstone often pass into 
shale, and alternate with layers of impure coal ; they 
have in many places been violently disturbed. Near 
Hobart Town, I observed one dik(», nearly a liundred 
yards in width, on one side of which the strata were 
tilted at an angle of 60°, and on the other they were 
in some parts vertical, and had been altered by the 
effects of the heat. On the w^est side of Storm Bay, I 
found these strata capped by streams of basaltic lava 
with olivine ; and close by there was a mass of brecci- 
ated scoriaj, containing pebbles of lava, which probably 
marks the place of an ancient submarine crater. Two 
of these streams of basalt were separated from each 
other by a layer of argillaceous wacke, w^hich could be 
traced passing into partially altered scoria*.. The 
wacke contained numerous rounded grains of a soft, 
grass-green mineral, with a waxy lustre, and translu- 
cent on its edges: under the blowpipe it instantly 
blackened, and the points fused into a strongly magll(^tic, 
black enamel. In these characters, it resembles those 
masses of decomposed olivine, described at St. Jago in 
the Cape de Verde group; and I should have thought 
that it had thus originated, had 1 not found a similar 
substance, in cylindrical threads, within the cells of the 
vesicular basalt, — a state under which olivine never 
appears ; this substance,* I believe, would be classed as 
bole by mineralogists. 

^ Chlorophaeite, described by Dr. MacCulloch (* Western Islands/ 
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Tmvertin wiiK extinct 'plants . — Behind Hobart 
Town there is a small quarry of a hard travertin, the 
lower strata of which abound with distinct impressions 
of leaves. Mr, Kobert BrowP had the kindness to 
look at my specimens, and he informed me that there 
are four or five kinds, none of which he recognises as 
belonging to existing species. The most remarkable 
leaf is palmate, like that of a fan-palm, and no plant 
having leaves of this structure has hitherto been dis- 
covered in Van Diemen’s Land. Tlie other leaves do 
not resemble the most usual form of tlie Eucalyptus, 
(of which tribe the existing forests are chiefly com- 
posed,) nor do they resemble that class of exceptions to 
the common form of the leaves of the Eucalyptus, which 
occur in this island. The travertin containing this 
remnant of a lost vegetation, is of a pale yellow colour, 
hard, and in parts even crystalline ; but not compact, 
and is everywhere penetrated by minute, tortuous, 
cylindrical pores. It contains a very few pebbles of 
quartz, and occasionally layers of chalcedonic nodules, 
like those of chert in our Greensand. From the pure- 
ness of this calcareous rock, it has been searcheil for in 
other places, but has never been found. From this 
circumstance, and from the character of the deposit, it 
was probably formed by a calcareous spring entering a 
small pool or narrow creek. The strata have subse- 
quently been tilted and fissured ; and the surface has 
been covered by a singular mass, with which, also, a 
large fissure has been filled up, formed of balls of trap 
embedded in a mixture of wacke and a white, earthy, 
alumino-calcareous substance. Hence it would appear, 

vol, i. p. 504) as occurring In a basaltic amygdaloid, differs from this 
substance, in remaining unchanged before the blowpipe, and in black- 
ening from exposure to the air. May we supjK^se tliat olivine, in under- 
going the remarkable change described at St. Jago, passes through 
several states ? 
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as if a volcanic eruption had taken place on the borders 
of the pool, in which the calcareous matter was deposit- 
ing, and had broken it up and drained it. 

Ehvation of the land . — Both the eastern and 
western shores of tlie bay, in the neighbourhood of 
Hobart Town, are in most parts covered to the height 
of thirty feet above the level of liigh-water jnark, with 
broktm shells, mingled with pebbles. The colonists 
attribute tliese shells to the aborigines liaving carried 
them up for food : undoubtedly, tliere are many large 
mounds, as was pointed out to me by Mr. Franklaud, 
which have- been thus formed ; but T think from the 
numbers of the shells, from their frequent small size, 
from the manner in which thfw are thinly scattered, 
and from some appearances in the form of the land, 
that we must attribute tlie presence of t)ie greater 
number to a small elevation of the land. On the shore 
of Ralph Bay (opening into Storm Bay) I ol)served a 
continuous beach about fifteen feet above high-water 
mark, clothed with vegetation, and by digging into it, 
pebbles encrusted with Serpul.T were found : along the 
banks, also, of the riviu' Derwent, I found a bed of 
broken sea shells above the ‘Surface of the river, and at 
a point where the water is now much too fresh for sea- 
shells to live ; but in both these cases, it is just possible, 
that before certain spits of sand and banks of mud in 
Storm Bay were accumulated, the titles migl^t have 
risen to the height where we now find the shells,* 

* It would appear that some chanpos are now in proorress in Kalph 
Bfiy, for I was assured by an intellip:cnt, farmer, that oysters were 
formerly abundant in it, but that about the ymir 1834 they had, without 
any apparent cause, disappeared. In the ‘ Transact ions of the Maryland 
Acaileiny’ (vol. i. part i. p. 28), there is an jK^count hy Mr. Dncatel, of 
vast l)edg of oysters and clams bavin/^ been destroyed by the ^>radual 
filling lip of the .shallow lagoons and channels, on the shores of the 
southern United States. At Chiloo, in South America, I heard of a 
similar loss, sustained by the inhabitants, in the disappeuraiico from one 
part of the coast of an edible species of Ascidia. 
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Evidence more or less distinct of a change of level 
between the land and water, has been detected on 
almost all the land on this side of the globe. Capt. 
Grey, and other travellers, have found in southern 
Australia upraised shells, belonging either to the recent, 
or to a late tertiary period. The French naturalists 
in Baudin’s expedition, found shells similarly circum- 
stanced on the S.W. coast of Australia. The Kev. W, B. 
Clarke ^ finds proofs of the elevation of the land, to the 
amount of 400 feet, at the Cape of Good tfope. In the 
neighbour] !ood of the Ray of Islands in New Zealand, ^ 
I observed tliat the shores were scattered to some height, 
as at Van Diemen’s Land, with sea-shells, which the 
colonists attribute to the natives. Whatever may liave 
been the origin of these shells, I cannot doubt, after 
having seen a section of the valley of the Thames River 
(37® S.), drawn by the Rev. W. Vllliams, that the land 
has been there elevated : on the opposite sides of this 
great valley, tliree step-like terraces, composed of an 
enormous accumulation of rounded pebbles, exactly 
correspond with each other: the escarpment of each 
terrace is about fifty feet in height. No one after 
having examined the terraces in the valleys on the 


* ‘Proceedings of the Geolo.G^ical Society,’ vol. iii. p. 420. 

^ 3 will li^rc a eataloii^ie of the rocks which 1 met with near the 
Bay of Islands, in New Zealand: — 1st, Much basaltic lava, and scori- 
form rocks, forming distinct craters ; - 2nd, A castellated hill of hori- 
zontal stmOi of flosh-colonred limestone, showing M'hcn fractured dis- 
tinct crystj^llino facets: the rain has acted on this rock in a remarkable 
manner, corroding its surface into a miniature model of an Alpine 
country : I observed here layers of chert, and clay ii’on-stone ; and in 
the bed of a stream, pebbles of elay-slato ; — 3rd, The shores of the Bay 
of Islands are form^ of a feldspathic roi‘k. of a blueislvgray colour, 
often much decomposed, "with an angular fra<‘turo, and cross<^ by 
numerous ferruginous seams, but without any distinct stratification or 
cleavage. Some varieties are highly cr 3 'stalline, and would at once he 
pronounced to be trap ; others strikingly resembled o.Iay-slute, slightly 
altered by heat : I was unable to form any decided opinion on this for- 
mation. 
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’western shores of South America, ’which are strewed 
with sea-sliells, and have been formed during intervals, 
of rest in the slow elevation of the land, could doubt 
that the New Zealand to-races liave been similarly 
formed. I may add, that Dr. Dieiafenbach, in his de- 
scription of tlie Chatham Islands,^ (S.W. of New Zealand) 
states that it is manifest ‘that the sea has left many 
places bare which were once covered by its waters.’ 

Kihf/ Georges Sound, 

This settlement i.s situated at the south-w^estern 
angle of the Australian continent : the whole country 
is granitic, with the constituent minerals sometimes 
obscurely arranged in straight or curved laminae. In 
these case.s, tlie n»ck would be called by Humboldt, 
gneiss-granite, and it is remarkable that the form of 
the bare conical hills, appearing to be composed of 
great folding layers, strikingly resembles, on a small 
scale, those composed of gmuss-granite at Eio de Janeiro, 
and those described by Humboldt at Venezuela, Tliese 
plutonic rocks are, in many places, intersected by trap- 
pean-dikes ; in one place, I fotind ten parallel dikes 
ranging in an E. and W. line ; and not far off another 
set of eight dikes, composed of a different variety of 
trap, ranging at right angles to the former ones. I 
have observed in several primary districts, the occur- 
rence of systems of dikes parallel and close to each other. 

Superficial ferruginous beds , — The lowt^r parts of 
the country are everywhere covered by a bed, following 
the inequalities of the surface, of a honeycombed sand- 
stone, abounding with oxides of iron. Beds of neaidy 
similar composition are common, I believe, along the 
whole western coast of Australia, and on many of the 

* * Geographical Journal/ vol. xi. pp. 202, 205. 
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East Indian islands. At the Cape of Good. Hope, at 
the base of the mountains formed of granite and capped 
with sandstone, the ground is everywhere coated either 
by a fine-grained, rubbly, ochraceous mass, like that at 
King George’s Sound, or by a coarser sandstone with 
fragments of quartz, and rendered hard and heavy by 
an abundance of the hydrate of iron, which presents, 
when freshly broken, a metallic lustre. Both these 
varieties have a very irregular texture, including spaces 
either rounded or angular, full of loose sand ; from 
this cause the surface is always honey-combed. The 
oxide of iron is most abundant on the edges of the 
cavities, where alone it affords a metallic fracture. In 
these formations, as well as in many true sedimentary 
deposits, it is evident that iron tends to become aggre- 
gated, either in the form of a shell, or of a network. 
The origin of these superficial beds, though sufficiently 
obscure, seems to be due to alluvial action on detritus 
abounding with iron. 

Huperjicial calcareous deposit , — A calcareous de- 
posit on the summit of Bald Head, containing branched 
bodies, supposed by some authors to have been corals, has 
been celebrated by the descriptions of many distinguished 
voyagers.^ It folds round and conceals irregular hum- 
mocks of granite, at the height of 600 feet above the 
level of the sea. It varies much in thickness ; where 
stratified, the beds are often inclined at high angles, 
even as much as at 30 degrees, and they dip in all 
directions. These beds are sometimes crossed by 
oblique and even-sided laminse. The deposit consists 
either of a fine, white, calcareous powder, in which not 
a trace of structure can be discovered, or of exceedingly 
minute, rounded grains, of brown, yellowish, and pur- 

* I visited this hill, in company with Captain FiteRoy, and we came 
to a similar conclusion regarding these branching bodies. 

H 
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plish colours ; both varieties being generally, but not 
always, mixed with small particles of quartz, and being 
cemented into a more or less perfect stone. The rounded 
calcareous grains, when heated in a slight degree, in-- 
stantly lose their colours ; in tliis and in every other 
respect, closely' resembling those minute, equal-sized 
particles of shells and corals, which at 8t. Helena have 
been drifted up the sides of the mountains, and have 
thus been winnowed of all coarser fragments. I cannot 
doubt, that the coloured calcareous particles here have 
had a similar origin. The impalpable powder has 
probably been derived from the decay of the rounded 
particles ; this certainly is possible, for on the coast of 
Peru, I have traced large unbroken shells gradually 
falling into a substance as hue as powdered chalk. 
Both of the above-mentioned varieties of calcareous 
sandstone frequently alternate with, and blend into, 
thin layers of a hard substalagmitic ^ rock, which, even 


* I adopt this terra from L'eiit. Nelson’s exoellont paper on the 
BerraraU Islands (‘ Gooloj?. Trans.’ vol. v. p. 1 ()(>), for the hard, conuaujt, 
cream- or brown-colourod stono, -without any cryst/illino structure, 
which HO often accompanies superficial calcareous accumulations. I 
hare observed such superficial beds, coated with suhsUvhiirmitie rock, 
at the Cape of Good Hope, in several parts of Chile, and over wide 
spaces in La Plata and Patapronia. Some of these beds have been 
formed from decayed sliell.s, but the origin of the groaltu* number is 
sufficiently obscure. The causes which <letermine water to dissolve 
lime, and then soon to redeposit it, are not, I think, known. The sur- 
face of the substalagmitic hiyors appears always to be coiroded by the 
rain water. As all the alK)ve-mentioned countrie.s linve a long dry 
season, compared with the rainy one, I should have, thought that the 
presence of the substalagraite was coniiccU^d with the climate, had not 
Lieut. Nelson found this substance forming under sea-water. Bisinte- 
grate<l shell seems to be extremely Holuble ; of which I found good 
ondence, in a curious nick at Coquirabo in Chile, which consisted of 
small, pellucid, empty husks, cemented together. A series of specimens 
clearly showed that these husks had originally contained small rounded 
particles of shells, which had been enveloped and cemented together 
by calcareous matter (as often hapriens on sea- beaches), and w-hich 
subsequently had decayed, and been dissolved by water, that must have 
penetrated through the calcareous husks, without corroding them, — of 
which processes, every stage could be seen. 
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when the stone on each side contains particles of quartz, 
is entirely free from them: hence we must suppose that 
these layers, as well as certain vein-like masses, have 
been formed by rain dissolving the calcareous matter 
and re-precipitating it, as has happened at St. Helena. 
Each layer probably marks a fresh surface, when the, 
now firmly cemented, particles existed as loose sand. 
These layers arc sometimes brecciated and re-cemented, 
as if they had been broken by the slipping of the sand 
when soft. I did not find a single fragment of a sea- 
shell; but bleached shells of the Hdix an existing 
land species, abound in all the strata ; and I likewise 
found another Helix, and the case «!>f an Oniscus. 

The branches are absolutely undistinguish able in 
shape from the broken and upright stumps of a thicket ; 
their roots are often uncovered, and are seen to diverge 
on all sides ; here and there a branch lies prostrate. 
The branches generally consist of the sandstone, rather 
firmer than the surrounding matter, with the central 
parts filled, either with friable calcareous matter, or 
with a substalagmitic variety ; this central part is also 
frequently penetrated by linear crevices, sometimes, 
though rarely, containing a trace of woody matter. 
These calcareous, branching bodies, appear to have 
been formed by fine calcareous matter bemg washed 
into the casts or cavities, left by the decay of branches 
and roots of thickets, buried under drifted sand. The 
whole surface of the hill is now undergoing disintegra- 
tion, and hence the casts, which are compact and hard, 
are left projecting. In calcareous sand at thp Cape of 
Good Hope, I found the casts, described by Abel, quite 
similar to these at Bald Head ; but their centres are 
often filled with black carbonaceous matter, not yet 
removed. It is not surprising, that the woody matter 
should have been almost entirely removed from the 
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casts on Bald Head ; for it is certain, that many cen- 
turies must have elapsed since the thickets were buried ; 
at present, owin^ to the form and height of the narrow 
promontory, no sand is drifted up, and the whole sur- 
face, as I have remarked, is wearing away. We must, 
therefore, look back to a period when the land stood 
lower, of which the French naturalists ' found evidence 
in upraised shells of recent species, for the drifting on 
Bald Head of the calcareous and tpiartzose sand, and 
the consequent embedment of the vegetable remains. 
There was only one appearance which at first made me 
doubt concerning tlje origin of the cast, — namely, that 
the finer roots from different stems sometimes became 
united together into upright plates or veins; but when 
the manner is borne in mind in which fine roots often 
fill up cracks in hard earth, and that these roots would 
decay and leave hollows, as well as the stems, there is 
no real difficulty in tliis case. Besides the calcareous 
branches from the Cape of Grood Hope, I have seen 
casts, of exactly the same forms, from Madeira and 

‘ Siee M. i*eroii’K ‘ Vnyago/ tona. i. p. 204. 

2 Dr. J. jVIacaulny has fully descrih^d (‘ Edinh. New Phil. J<)urn. 
voh xxix. p. 350) the easts from Madeira, lie consi»lers (differently 
fr{)TO Mr. .Smith of Jordan Hill) these IkkUcs to be corals, and the cal- 
careous deposit to 1)0 of subaqueous origin. His arguments chieHy rest 
(for his remarks on their structure arc vague) on the great quantity of 
the calcjireous matter, and on the casts coiitaining animal matter. a.s 
shown by their evolriug ammonia. IDul Dr. Macaulay seen the enor^ 
mous masses of rolled particles of shells and corals on tlie beaeli of 
Ascension, and especially on coral-roofs ; and had he reflected on the 
effects of long-continued, gentle ’udiids, in drifting np the finer partJclcB, 
he iwould hardly have advanced the argument of quantity, which is 
seldom trustwortliy in geology. If the calcareous matter has originated 
from disintegtated shells and corals, the presence of animal matter is 
wluit might have been expected. Mr. Anderson analyzed for Dr. 
Macaulay part of a cast, and he found it composed of — 


Carbonate of lime 73'15 

Silica . 11-90 

Phosphate of lime 8*81 

Animal matter 4*26 

Snlphnto of lime a trace 


98* U 
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from Bermuda ; at this latter place, the surrounding 
calcareous rocks, judging from the specimens collected 
by Lieut. Nelson, are likewise similar, as is their 8ul>- 
aerial formation. Reflecting on the stratification of 
the deposit on Bald Head, — on the irregularly alter- 
nating layers of substalagmitic rock, — on the uniformly 
sized, and rounded particles, apparently of sea-shells 
and corals, — on the abundance of land-shells throughout 
the mass,-— and finally, on the absolute resemblance of 
the calcareous casts, to the ptumps, roots, and branches 
of that kind of vegetation, which would grow on sand- 
hillocks, I think there can be no reasonable doubt, 
notwithstanding the different opinion of some authors, 
that a true view of their origin has been here given. 

Calcareous deposits, like these of King George’s 

Sound, are of vast extent on the Australian shores. 

Dr. Fitton remarks, that ‘ recent calcareous breccia (by 

which term all these deposits are included) was found 

during Baudin’s voyage, over a space of no less than 

25 degrees of latitude and an equal extent of longitude, 

on the southern, western, and north-'western coasts.’^ 

It appears also from M. Peron, with whose observations 

and opinions on the origin of the calcareous matter and 

branching casts mine entirely accord, that the deposit 

is generally much more continuous than near King 

G-eorge’s Sound. At Swan River, Archdeacon Scott^ 

states that in one part it extends ten miles inland. 

Captain Wickham, moreover, informs me that during 

his late survey of the western coast, the bottom of the 

sea, wherever the vessel anchored, was ascertained by 

«> 

* For ample details on this formation, consult Dr. Fitton’s ‘ Appendix 
to Capt. Kind’s Voyage,’ Dr. Fitton is inclined to attribute a con- 
cretionary origin to the branching bodies: I may remark, that I have 
seen in beds of sand in La PlatA cylindrical stems which no doubt thus 
originated ; but they differed much in appearance from these at Bald 
Head, and the other places above specified. 

* * Proceedings of the Oeolog.Boc/ vol. i* p. 320 , 
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crow-bars being let down, to consist of white calcareous 
matter. Hence it seems that along this coast, as at 
Bermuda and at Keeling Atoll, submarine and sub- 
aerial deposits are contemporaneously in process of 
formation, from tlie disintegration of marine organic 
bodies. The extent of these deposits, considering their 
origin, is very striking ; and they can l)e compared in 
this respect only with the great coral-reefs of the Indian 
and Pacific Oceans. In other parts of the world, 
for instance in South America, there are mperficial 
calcareous deposits of great extent, in which not a trace 
of organic >structure is discoverable ; these observations 
would lead to the enquiry, whether such deposits may 
not, also, have been formed from disintegrated sheila 
and corals. 


Cape of Good Hope, 

After the accounts given by Barrow, Carmichael, 
Basil Hall, and W. B. Clarke of the geology of this 
district, I shall confine myself to a few observations on 
the junction of the throe principal formations. The 
fundamental rock is granite,' overlaid by clay-slate : 
the latter is generally hard, and glossy from containing 
minute scales of mica ; it alternates with, and passes 
into, beds of slightly crystalline, feldspathic, slaty rock. 
This clay-slate is remarkable from being in some places 
(as on the Lion’s Rump) decomposed, even to the depth 
of twenty feet, into a pale-coloured, sandstone-like rock, 
which has been mistaken, I believe, by some observers. 


* In several places I observed in the pranite, small dark-eolonred 
balls, composed of minute scales of black mica in a tou;»h basis. In 
another place, I found crystals of black schorl radiatin^^ from a common 
centre. Hr. Andrew {Smith found, in the interior parts of the country, 
some beautiful specimens of granite, with silvery mica radiating or 
rather branching, like moss, from central points. At the Ge<dogical 
Society, there are specimens of granite with crj'stallised feldspar 
branching and radiating in like manner. 
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for a separate formation. I was guided by Dr, Andrew 
Smith to a fine junction at Green Point between the 
granite and clay-slate : the latter at the distance of a 
quarter of a mile from the spot^ where the granite 
appears on the beach (though, probably, the granite is 
much nearer underground), becomes slightly more com- 
pact and crystalline. At a less distance, some of the 
beds of clay-slate are of a homogeneous texture, and 
obscurely striped with different zones of colour, whilst 
others are obscurely spotted. Within a hundred yards 
of the first vein of granite, the clay-slate consists of 
several varieties ; some compact with a tinge of purple, 
others glistening with numerous minute scales of mica 
and imperfectly crystallised feldspar; some obscurely 
granular, others porphyritic with small, elongated spots of 
a soft white mineral, which being easily corroded, gives 
to this variety a vesicular appearance. Close to the 
granite, the clay-slate is changed into a dark-coloured, 
laminated rock, having a granular fracture, which is 
due to imperfect crystals of feldspar, coated by minute, 
brilliant, scales of mica. 

The actual junction between the granitic and clay- 
slate districts extends over a width of about 200 yards, 
and consists of irregular masses and of numerous dikes 
of granite, entangled and surrounded by the clay-slate ; 
most of the dikes range in a NW, and SE. line, 
parallel to the cleavage of tlie slate. As we leave the 
junction, thin beds, and lastly, mere films of the altered 
clay-slate are seen, quite isolated, as if floating, in the 
coarsely-crystallised granite ; but although completely 
detached, they all retain traces of the tfniform NW. 
and SE. cleavage. This fact has been observed in 
other similar cases, and has teen advanced by some 
eminent geologists,' as a great difiiculty on the ordinary 

* See H. Keilhaii’s ‘Theory on Granite/ translated in the ‘iEdin* 
burgh New Philosophical Journal/ vol. xxir. p. 402. 
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theory, of granite having been injected whilst liquefied; 
but if we reflect on the probable state of the lower 
surface of a laminated mass, like clay-slate, after having 
been \dolently arched by a body of molten granite, we 
may conclude that it would be full of fissures parallel 
to the planes of cleavage ; and that these would be 
filled with granite, so that wlnerever the fissures were 
close to each other, mere parting layers or wedges of 
the slate would depend into the granite. Should, 
therefore, the whole body of rock afterwards become 
worn down and denuded, the lower euds of these de- 
pendent masses or wedges of slate would be left quite 
isolated in the granite; yet they would retain their 
proper lines of cleavage, from having been united, 
whilst the granite was fluid, with a continuous covering 
of clay-slate. 

Following, in company with Dr. A. Smith, the line 
of junction between the granite and the slate, as it 
stretched inland, in a SE. direction, we came to a 
place, where the slate was converted into a fine-grained, 
perfectly characterised gneiss, composed of yellowish- 
brown granular feldspar, of abundant lilack brilliant 
mica, and of few and thin laminse of quartz. From 
the abundance of the mica in this gneiss, compared 
with the small quantity and excessively minute scales, 
in which it exists in the glossy clay-slate, we must 
conclude, that it has been here formed by the meta- 
morphic action — a circumstance doubted, under nearly 
similar circumstances, by some authors. The laminae 
of the clay-slate are straight ; and it was interesting to 
observe, that as they assumed the character of gneiss, 
they became undulatory with some of the smaller 
flexures angular, like the laminae of many true meta- 
morphic schists. 

SaudetoTie formation * — This formation makes the 
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moat imposing feature in the geology of Southern 
Africa. The strata are in many parts horizontal, and 
attain a thickness of about 2,000 feet. The sandstone 
varies in character ; it contains little earthy matter, 
but is often stained with iron ; some of the beds are 
very fine-grained and quite white ; others are as com- 
pact and homogeneous as quartz rock. In some places 
I observed a breccia of quartz, with the fragments 
almost dissolved in a siliceous paste. Broad veins of 
quartz, often including large and perfect crystals, are 
very numerous ; and it is evident in nearly all the 
strata, that silica has been deposited from solution in 
remarkable quantity. Many of the varieties of quartzite 
appeared quite like metiimorphic rocks ; hut from the 
upper strata being as siliceous as the lower, and from the 
undisturbed junctions with the granite, which in many 
places can })e examined, I can liardly believe that these 
sandstone-strata have been exposed to heat.^ On the 
lines of junction between these two great formations, I 
foimd in several places the granite decayed to the 
depth of a few inches, and succeeded, either by a thin 
layer of ferruginous shale, or by four or five inches in 
thickness of the re-cemented crystals of the granite, on 
which the great pile of sandstone immediately rested. 

Mr. Schomburgk has described ^ a great sandstone 
formation in northern Brazil, resting on granite, and 
resembling to a remarkable degree, in composition and 
in the external form of the land, tins formation of the 
Cape of Good Hope. The sandstones of the great plat- 
forms of Eastern Australia, which also rest on granite, 
differ in containing more earthy and less siliceous 

* The Ilev. W. B. Clarke, however, states, to iny surprise (‘Geolog, 
Proceedings,’ vol. iii. p. 422), that the sandstone in some parts is pt^ne- 
trated by granitic dikes ; such dike^s must belong to an epoch altogether 
subsequent to that when the molten granite acted on the clay-slate. 

* ‘ Geographical Journal,’ vol. x. p. 246. 
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matter. No fossil remains have been discovered in 
these three vast deposits. Finally, I may add that I 
did not see any boulders of far-transported rocks at 
the Cape of Good Hope, or on the eastern and western 
shores of Australia, or at Van Diemen’s I-iand. In the 
northern island of New Zealand, I noticed some large 
blocks of greenstone, but whether their parent rock was 
far distant, I had no opportunity of determining. 
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DESCRIPTION OP FOSSIL SHELLS. 
By O. B. SOWEBBY, Ebq., EX.S. 


Shells from a Tertiary deposit, beneath a great basaltic 
stream, at St. Jago in the Cape do Verde Archi^jelago, 
referred to at p. 6 of this volnme. 

1. Littoeina plan axis. G. Smvet'^by. 

TeMd suhovafdy cramt^ Icevigatdy anfracfilms quatuoTj 

stHntis ; aj^etiurd mhovKftd ; labio columellaH wfimdquc parte 
anfractm uUimi planMis : long. 0-6, lat. 0*46, poll. 

In stature and nearly in form this resembles a small periwinkle ; 
it differs, however, very materially in havinp: the lower part of the 
last volution, and the columellar lip as it were cut oil' and flattened, 
as in the I’urpuras. Among the recent shells from the same locality, 
is one whicli greatly resembles this, and which may he identical, hut 
which is a very young shell, and cannot therefore he stiictly com- 
pared. 

% Cekithittm iEMXTLiJM. G. Smverhg. 

Testd ohlongo^tnrritdy subvefitincoffd, apice mhvlafOy anfractihm 
decern levitlr (rptralifh* striatWj primis seHe. uni^d htberculomm 
imtructUj intennedm ijTegtdarith ohsoUib tubereuUfet'i4^ nltimo 
longb majori ahsqne tuheo'cnlis^ mlck duobns fere haaalibns in^ 
structo: laMi exUmi margine intern o irdits crenulnto: long. 1*8, 
lat. 0*7, poU. 

Tins species resembles so nearly one of the shells brought to- 
gether by Lamarck, under the name of Oerithium Vertagus, that at 
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firat sight 1 thought it might he ideutical with it ; it may he easily 
distinguished, however, by its being destitute of the told in the 
centre of the columella so conspicuous in those shells. There is 
only one specimen, which has unfortunately lost the lower part of 
the outer lip, so that it is impossible to describe the form of the 
aperture. 


3. Ve^us siWLiTLANS. 6*. Soioerhy. 

Testa rot undata, ventrioosd, Ifptdusouldy crassd ; rost is ohtums, 
latiusculis, concent nets, aniice postieeque tnberculatim soln/is ; 
area cardinali postied alterce valvce Intimndd ; unpressione 
suhutnhmmli postied ciradari: 1*8, alt. 1*8, ltd. l*o, 

2 ^ 011 . 

A shell which is iuterraediate in its characters, taking its 
place Wtweeu the Venus vetTucosa of the Britisli Channel and the 
V. 7'osalina of liant/ of the w'estern coast of Afri(^, but sufficiently 
distinguished from }x)th by its broad, obtuse, concentric ribs, which 
are divided into tubercles both before and bihind. It is also of a 
more circular form than either of those siMicies. 

The following Shells, from the same bed, as far as they can 
be distinguished, are known to be recent species : — 

4. PuEPi'RA Frees. 

6. Ampuidesma ArsTRALE. Sotverhy. 

1). Conus yenuxatxjs. Xnw. 

7. Fissurella coakctata. Khiy. 

8. Pern A — two odd valves, hut in such condition that it can- 
not be identified. 

f). OSTREA CORNUCOPI.15, Lam. 

10. Arc A OVATA. Lam. 

11. Patella niorita. Bmlyin. 

12. TuRKITKLLA lUCINGULATA P Lam. 

13. Strom BUS — too much worn and mutilated to be identified. 

24. IIlPPONyX KADIATA. 

25. NATtCA TIBER, Valenciennes. 

20. Pecten, w'hich in form resembles oim'calarisy but which is 
distinguishable by several characters. There is only a single valve, 
wherefore I (iannot consider myself warranted to describe it. 

27. Pupa suBBiAPnANA. “Kimp 

28. Trochus — indeterminable.’ 
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EXTINCT LAND-SHELLS FROM ST. HELENA. 

The following six species were found associated together, at 
the bottom of a thick bed of mould ; the last two species 
namely, the CocMogena fossilis and Helix hijtlicaia were 
found, together w'ith a species of Succinea noyv living on- 
the Island, in a very modem calcareous sandstone. * 
These Shells are referred to at p. 101 of this volume. 

1. CoCHLOGENA AUms-VULPINA. De Fer, 

This species is well described and figured in Martini and Chem- 
nitz’s eleventh volume. Chemnitz expresses doubts as to what 
genii.s it might properly be referrtid, and also a strong opinion un- 
favourable to the conclusion that it should he regarded as a land- 
shell. His specimens were bought at a public auction in Hamburg, 
having been sent there by the late H. Humphrey, who appears 
to have been very well acquainted with their real loc^ity, and who 
sohl them for land-shells. Chemnitz, however, mentions one speci- 
men in Spengler’s collection, in a fresher condition than his own, 
and which was said to Ihj from China. The representation which he 
has given is taken from this individual, and appears to me to liave 
been only a cleaned specimen of tbe St. Hehma shell. It is easy to 
suppose that a shell iroin St. Helena might have l)een either acci- 
dentally or interestedly, after passing through two or three hands, 
sold as a Chinese shell, I think it is not possible that a shell of 
this species c<mld have been really found inChiua-, and among the 
immense quantities of shells that come to this country from the 
Celestial Empire, 1 have lun er seen oue. Chemnitz could not bring 
himself to establish a new genus for the reception of this remarkable 
shell, though he evidently could not collate it with any of tht‘. then 
known genera, and though he did not think it a land-shell, he has 
called it Lamarck has placed it as the second 

^ecies of his genus Sti'iUhiolana, under the name of (mmlnta. 
To tiiis genus it does not however bear any affinity ; and there* can 
be no doubt about the correctness of De Fenissac s Auews, who 
places it in the fourth division of his sub-genus CoiMogeim : and 
Lamarck would have been correct, according U) his own principles, 
if he had plac^ed it with his Aurmdae. A variety of this species 
occurs, which may be characterised as follows : — 

COOHLOGENA AURIS-VTJLPINA, mr, 

Testd fivhiiyramidalij aperturd hreviori^ lahio tmuion: long, 1*68, 
apertur(B 0*70, lat. 0*87, itolL 

Obs. — The proportions of this diffier from those of the usual 
variety, which axe as follows; — ^Length 1*65, of the aperture 1*, 
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width 0*06 inch. It is worthy of observation, that all the shells 
of this variety carae from a different part of the island, from the 
foregoing specimens. 

2. O 0 CHI.OGENA FOS 8 IIJS. G. Sowerhy. 

Testa ohlonya, spird sal>aeu7nififitd, ohfmd, nnfractibus 

seniSf lemter stj'iatin, sutiu'd profandh inipremi] 

aperturd suhorafa : penti'emate continuo^ siihitwrasstdo ; umbilico 
pariH) : Umy. 0*8, ltd. 0*37, jwt#//- 

This species is of the stature of C. Guadaloupeush, but may 
easily be distinguished by the form of the volutions and the deeply- 
marked suture. The specimens vary a little in their proportions. 
This vspecitjs was not obtained by Mr. Darwin, but is irom the 
collection of the Geological Society. 

1. COCIILICOI’A 8TTBFTJCATA. G. Sowet'hy. 

Tekd oblonyth suhacrutni)ifdo-pyf'anudffl7\ aptrr 

noium Iff vihuSy poHicl* mhplicatbi, saf ut'd erenultda ; apertum 
ovatdy posiice amtd^ lahio eu tenio tenni ; colnmeUd obsolete stdH 
truncatd ; umbilico mhnmo : kmy. 0*lh3, lat. 0*28, poll. 

Tliis and tlie following aiv. placed with De Fern ssmc's sub-genus 
Cochlicopa, because they are most nearly related to his Coehlieopa 
folltculiis. As .species they are, however, both pu-fcHdly distinct, 
being much larger, and not shining and smooth like C. folUeidns^ 
which is found in the South of Kurope and at Msnleira. Some very 
young shells and an egg were found, which I conjecture to belong 
to this species. 

2. OoCnLlCQPA TEREBELLUH. G. 

Testa ohlomfd, tridindraceo-jyip'amidfdi^apwe ohtmiiismlo, anfiuwtihm 
stptenis, Icembm : suturd postirb (Twulnfd ; apcriard ovali^ 
posticb atnifdj lahto exte.rtm tenuij avtict^ decliei ; colurnelld 
ohsoletb truncatd^ umbilico 7uinimo : lorttj. 0*77, lat. 0*25, 
poll 

This species differs from the last in being more cylindrical, and 
in being nearly free, when full grf>wn, from the obtuse folds of the 
posterior volutions, as w^ell as in the form of the aperture. The 
young shells of this si)ecies are longitudinally striated, and they 
have some very obsolete longitudinal folds. 

1. Helix bilamellata. G . Sowerhp 

TeM orbiculato^epressdf spird plaud^ anfracitlms smiSf ultimo 
suhtus ventnooso, stipernh anyuiari ; umbilico parvo ; aperturd 
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mnilm/arif, mpernb nngrdatdj UtUo exUrno tenui ; interm 
pUcu dmbm spiralibm, po«ticd majori: long, 01 5 , left. 0 * 33 , 
poll 

The young shells of this species have very different proportions 
from those marked above, their axis being nearly as great as their 
width. The largest spetumen is white, with irregular ferruginous 
rays. This is very di flerent from any known recent species, although 
there are several to which it appears to have some analogy, such as 
Helix epistylinm or Cooldann, and H, gularis : in both of these, 
however, the internal spiral plaits are placed within the rmter wall 
of the shell, and not upon the inner lamina, as in Helix hihrnellatn. 
There is another recent 8[)ecies, which is somewhat analogous to 
this; it is as yet undescribed, and differs from this and from 
Cooliiana^ in the circumstance of its possessing four inttirnal spiral 
plaits, two of which are placed within the outer, and two upon 
the inner wall of the shell ; it was brought from Tahiti, in the 
Beagle. 

2. Helix poltodok. G . Sowerhy. 

Testa orhieulato-siMepressnj mtfrncfihm sex, r of m flat is, stnaiis; 
(ipeHurd seinilunariy lahio inte7''no plicis tnhm spiralihiiR, postins 
gradaiim majoribns^ ejtenio inrds dnftihus qidnqm instructo ; 
umbilieo ^nediocii: long, 0 * 07 , lat. 0 * 15 , 

This is somewhat- related to Helix eonto/ta of De Ferussac, 
*Moll. terr. et fluv.’ Tab. 61 A, f. 2 ; but dillers from it in several 
partiOuhirs. 


3. Helix spekca. O. Soinrhy. 

Testa snlwrhimlan, spird suheovoided, ohtmd ; anfractihus quafnor 
tuinidis, mhstf'i/ftis ; aperturd magnd, peril rc7n ate tc7tui ; umbilieo 
jimrvo, profundo : long. 0*1, lat O'Vd, poU. 

Easily distinguished from Helix: poly odon,'hj\X% wide, toothless 
aperture. 


4. Helix biplicaca. G. Sowerhy. 

Testd orhiculfdo-depressd, anfraefibus qfimqne rotundafis, sfriatis : 
aperturd semilitnari, lalno inierm plkis dmhits spiralihfs, posited 
majori ; umbilieo magno : long. 0'04, lat. 0*1 , poll. 

This must be regarded as perfectly distinct homHelur hilamellafa, 
on account of its form ; its umbilicus is much larger, its spire is not 
flat, nor is the posterior edge of each volution angular. There are 
specimens, which must be referred to this speies, found with the 
foregoing species, and with the Cocblogena fossilis, which latter is 
associates with a living Succinea, in the niodem calcareous sand- 
stone. 
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PALJSOZOIO SHELLS FROM VAN DIEMEN'S LAND, 
KEFURKEI) TO AT P. 155 OP THIS VOLUME. 

1. Probucta RUOATA. 

This is probahiv the same species with that named Prodwita 
7'utjat(i by Phillips Geolopry of Yorkshire/ part< ii. plate vii. f. 10): 
it is, however, in too imperfect a condition to allow me to decide 
positively. 


Probucta BKACHyTiiiERUs. G. Sotoerhy. 

Pi'oducfn^ TeMn mhti'npeziformi, compremi^ parte anticd suh'- 

Inlohd, postied anyasfiortj lined carditudi breri. 

The most remarkable characters of this sp- cies ai’e the shortness 
of the hiu^^e-line, and the comparative width of the anterior part: 
its outside is ornamented with small, blunt tulx^rcles, in'ejrularly 
placed : it is in limestone, of the ordinary f^^rey luilour of mountain 
limestone. Another specimen wldch 1 suppose to be an impression 
of the inside of the flat valve, is in stone, of a li^^ht rusty-brown 
colour. Tliere is a third specimen, which I believe to be the im- 
pression of the inside of the deeper valve, in a nearly similar stone, 
accompanied by other shells. 

1. SrntiFERA subrabiata, G. Soive?'hi/, 

Spirifera, Testa Irevissimdy parte mediand latdy radiis InteraUbm 
vtriusque latens panels^ in 

The breadth of this shell is rather greater than its length. The 
rays of the lateral surfaces are Very few and indistinct, aiul the 
medial lobe is uncommonly large and wide. 


2. SriRiPERA kotunbata ? Phillips 8 < Geolotpj of Yorkshire,' 
pi. ix. f. 17. 

Although this shell i.s not exactly like the figure above referred 
to, it would, perhaps ^ impossible to find any good distinguishing 
character. Our specimen is much distorted ; it is, moreover, an 
example of that sort of accidental variation that shows how little 
dependence, ought, in some instances, to be placed upon ])articuiar 
characters ; for the radiating ribs of one side of one valve are much 
more numerous and closer than those on the other side of the same 
valve. 
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3. Spiritera irapezoibalis. G. Sowerly. 

TeMd mbtetragond, medimd paHe profundd^ radiis fwm- 
nuUifty subinconspicuui ; radiis lateralibus vtrmsquB latei'is septem 
ad octo distinctis : long, 1 * 6 , lot, 2 *, poll. 

There are two specimens of this, in a dark, rusty, gray limestone, 
probably bituminous. 

Spirifeea trapezotbalis, va 7 \ ? G . Soiverhy . 

SjmHfpra^ Testa radiis lateralihm tripai'titim dimsisy lineis inei'emefnii 
nrdiquatisy ca&tei'oquin omninb ad Spi^ife^^ain trapezoidalem 
simillimd. 

At first I hesitated to unite this to Spitdfera trapezoidalisy but 
observing that at the comuiencement the radiating ribs were simple, 
and knowing that these are subject to variations, I have thought it 
best merely to distinguish this specimen as a variety. 


There are several other, ]>robably distinct, species of Spiriferee, 
but as these are only casts, it is obvioiLsly impossible to give the 
external chara(iter8 of the species. Since, however, they are very 
remarkable, I have thought it advisable to give a name, together 
with a short; description of each. 

4. SriEiPEiu PAEcrcosTATA. G: So7cerbg, 

Length equal to about two-thirds of its breadth ; ribs few and 
variable. 

5, Spirifera Vespertilio. G, Sowerhy. 

Breadth more than double its length, radiating ribs rather large, 
distinct, and not numerous ; posterior inner surface covered with 
distinct puuctulations in both valves. 

6. Spirifera avictla. G, Sowerl>y, 

The proportions of this species are very remarkable, inasmuch 
as it appears to have been nearly three times as wide as it is long ; 
the radiating ribs are not very numerous, and theinteniol posterior 
surface of one valve alone (the large valve) has been punctulated. 
In its proportions it resembles Phillips’s Spinfem convoltday^ but as 
our Sp. avkkda is only a oast of the inside, it» proportions are not 
so abnormal as those of Sp, convolvia. 

A specimen, which is very much pressed out of il| natural shape, 
but which still appears to difler somewhat in its proportions, shows 
not only the cast of the inside, but also the impression of the out* 
side ; its radiating ribs are very irregular, and numerous, but it 
must be regarded as doubtful whether some of them be not principal 
and others only interstitial: their irregularity renders in impcwsible 
decide. j 

* ‘ deolpgy of Yorkshire/ port ii. plate k. f. jT, , 
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DESCRIPTION OF SIX SPECIES OF CORALS, 
FROM THE PALASOZOIC FORMATION OF 
VAN DIEMEN’S LAND. 

Bv \V. LONSDALE, Es<j., E.G..S. 


1. Stjinopora Taskaj^ienbis, ftp. n.^ 

Branched^ branches cylindrical, variomly inclined ar contorted: 
tnhes more or less diotrge^it; months oval, divndonal t*idges 
strongly tvhefi'cndaied ; indications of smcessioe nafTowing in 
each tuhe, 1 — 2. 


This coral, in its jreneral mode of growth, I'esemhles Calamopora 

S {Stefnomra?) iuintdn, (Mr. Phillips, ^Geol. of Yorkshire/ part ii. 
L 1, ng. 62), hut in the forru of the mouth and other structural 
etails the differences are very great. Stcrtopora Tasmaniensis 
attains considerable dimer sions, one specimen being inches in 
length and half an inch in diameter. 

The branches have individually great uniformity in their circum- 
ference, but they differ with resjiect to each other in the same speci- 
men, and there is no dehnite method of subdivision or direction 
of growth. The extremities are occasionally hollow; and one 
specimen, about 1 J inch in length, and half an inch in breadth, is 
crushed completely flat. The tubes, in the best exposed cases, have 
considerable length, springing almost solely from the axis of the 
branch, and diverging very gently till they nearly reach the circiun- 
ference, where they bend outwards. In the body of the branch 
the tubes are angular from lateral interference ; but, on approaching 
the outer surface, they become oval in consequence of the inter- 
spaces produced by the greater divergence. Their diameter is very 
uniform throughout, with the exception of the narrowings near the 
terminations of the full-grown tub^. The walls in the interior of 

» Though the characters of this genus are unpublished, it has been 
thought advisable not to give thorn fully in this notice, a very few 
species only having been examined. The coral is essentially composed 
of simpile tubes, variously aggregated and radiating outwards. The 
mouth is round or oblong, and surrounded by projecting walls, having 
along the crest a row of tubercles. The mouth originally oval is gradu- 
ally narrowed (irrtKrfs) by a band projecting from Sie inner wall of the 
tube, and is finally closed. [Shortly after the publication of the first 
edition, Mr. Lonsdale informed me that he believed this coral ought to 
We Wn included in the genus Thamnopora of Steininger.] 
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the hranches were apparently very thin, but there is a relatively 
considerable thickness of matter at the circumference. No traces 
of transverse diaphragms have been noticed within the tube^. 

Oases illastrative of the changes to maturity and final obliga- 
tion in the oval termination of the tubes are rare, b\it the following 
have been observed. Where the mouth becomes free and oval, the 
walls are thin and sharp, and perpendicular within the tube. In 
some cases they are in contact ; but, in othtirs, they are separated 
by grooves of variable dimensions, in which very minute foramina 
or pores may be delected. As the mouth approaches b) wards 
maturity, the grooves are more or less filled up, and the walls 
thicken, a row of very minute tubercles being discoverable along 
the crest At this sUige the inner side of the tube ceases to be 
vertical, being lined by a very narrow inclined band. The matiu^ 
mouths are separated hy a bold ridge, generally simple, but not 
unfrequently divided by a groove ; the double as well as the single 
ridge being siumounted by a row^ of prominent tubercles almost 
in contact with each other. Only one example of the filling up 
of the mouths has been observed, but it affords satisfactory evi- 
dence of a gradual expansion of the inner band, before alluded to, 
and 11 tinal meeting in the <‘entre. In this extreme state, there is 
a general blending of details, but the tubercles are for the most 
part distinct. 

In this species, proofs of a narrowing of the mouth previously 
to the formation of the ])erfect tube, and the final contraction, are 
not very preeminently exhibited in tbe long cylindrical straight 
bmnehes ; out near tfie point where the tubes bent outwards there 
is an annular indentation, which may be traced successively from 
cast to cast in a lineal direction, parallel to the surface ; and be- 
tween the prominent narrowing and the perfec.t surfacre, the walls 
of the tubes were slightly rugose. In another short branch, be- 
lieved to belong to this species, but in which the tuWs diverged 
outwards very rapidly, the narrowing is strongly marked, but not 
to an equal extent throughout the specimen. 

The matrix, in which the fossil is imbedded, is a coarse calc.a- 
reous shale, or a gray limestone ; and in which occur Hho Femstelln 
intemata, &c. 


2. Stenoporx ovata, sp. n. 

Branched^ branches aval ; tvhes relatively shorty diveryemce great ; 
mmjdM round; contractions or VTegtUarities of growth »«- 
merous, ^ 

The characters of this species have been very imperfectly ascer- 
tained. The branches are not uniformly oval, even in apparently 
the same fragment. The tubes diverg^ rapidly along the line of 
^ major axis, and had but a very limited vertical growth. Their 
casts exhibit a rapid succession of irregularities of development. 
The mouths, as lar as they can be determined, were round or 

X 2 
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slightly oral, and the dividing, tuberculated ridges sharp ; hut in 
consequence of the outer surface not being exposed, their perfect 
characters, and the changes incidental upon growth, could not be 
ascertained. 

The coral is imbedded in a dark gray limestone. 


1. Fenestella ampla, sp. n. 

Cup-$haped : celbdiferom surface mte7*nal: broTwhe^ dichotimomj 
hroadf Jiatj thin ; meshes oval : rows of cells mmm'oiis^ rarely 
limited to tivoj nltemate ; tramven'se comiecting p'ocesses some^ 
times cellular ; inne^' layei" of nmi-cellular surface voy fdn'om ; 
e.vte7*nal layer vety granular ^ norp-flfrous : gemmulifei'ous vesicle f 
smalL 

Some of the casts of this coral have a general restnnblance to 
Feffiestella polyporat, a f as represented in Captain Portlock’s ^ lieport 
on the Geology of Londonderry,^ pi. xxii. A. %. 1 a, 1 d ; but 
there is no agreement between the Van Diemen’s Land fossil and 
the structure of that species as given in PI. xxii. tig. »S, of the 
same work, or in Mr. Phillips’s original tigures, ‘ Geology of York- 
shire,’ part .ii*. ph i. tigs. lH, ^0. A general resemblance also exists 
between Fcnestelln ampin and a coral obuvined bv Mr. Murchison 
from the carl)oniferous limestone of Kossatcbi Datchi, on the eastern 
flank of the Ural Mountains, but there is again a marked difiereuce 
in structural details. 

Fenestella ampin attained considerable dimensions, fragments 
apparently of one specimen covering an area of 4| inches by S 
inches; ahd it displays considerable massiveness of outline, the 
branches at the points where they dichotimose often exceeding the 
tenth of an inch in breadth. 

In the general aspect of the coral a considerable uniformity pre- 
vails, but the branches vary in breadth, swelling out greatly near the 
bifurcations ; neverthehiss, Hiereis no marked difference of chai’acter 
between the base and the upper part of the cup, even in the number 
of the rows of cells. 

In the best state of the cellular sur&ce, which has been noticed, 
the mouths of the cells are relatively large, round or oval, and are 
defined by a slightly raised margin ; and an undidating, thread-like 
ridge winds between them, dividing the interspaces into lozenge- 
shaped areas. The rows of cells, immediately preceding the bifurca- 
tion, sometimes amount to ten, and after the separation generally 
exceed two. The mouths of the lateral rows project into the 
meshes; and the transverse connecting processes are sometimes 
cellular. The interspaces between the mouths, as well as the tin- 
dulating ridges, are granular, or very minutely tuberculated. Ieh 
tetnally, the cells exhibit the usual oblique arrangement, overlaying 
each other and teraninating abruptly against the dorsal part of the 
bra^h. The perfect casts of the cellular surface give the reverse 
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of the characters just noticed, hut more generally the impressions 
display scarcely a trace of any other structure than lon^tudinal 
rows of circular mouths. 

On the inner layer of the non-cellular surface, twenty well- 
marked parallel fibres, with intermediate narrow grooTes or corre- 
sponding casts, may sometimes be detected, and the number is 
always considerable. The mode of preservation did not permit the 
true nature of the fibres to be discovered, but in consequence of 
what has been noticed in other species, it is inferred that they are 
tubular. Their range is considerable, but in the specimen, which 
exhibits their structure most fully, they are frequently cut off by 
circular foramina. Tbeir perfect surface is minutely granular. 
The outer layer, or bacik of the branches, is composed of an uniform 
crust without any indications of fibres, but covered with numerous 
microscopic papilhe, and corresponding pores penetrating the sub- 
stance of the layer. 

The only indications of gem miiliferous 'vesicles, are small circular 
pits occasionally situated over the mouth, and agreeing in position 
with the vesicles, which in other cellular genera, have been con- 
sidered as gemmuliferous. In the Russian specimen before alluded 
to, casts of similar pits are ver\^ uniformly distributed between the 
casts of the mouths. 

The youngest state of the coral has not been noticed, nor have 
any marked changes incident upon age, except the gradual thicken- 
ing of the non-cellular siirface, by the coating over of the fibrous 
layer. 

The matrix of the specimens is a dark gray splintery or an earthy 
limestone* 


2. Fenestei,la inxernata, sp. n, 

Oup-shaped; cellulifei'otis surface internal; branches dichotimom^ 
compressed, breadth vnriaole ; 7ne^hes oldonffy narrow ; ro?os of 
cells 2 — 5, divided hj longitudinal ridged ; transverse connecting 
processes short without cells; mu'-cellular surface, inner layer^ 
sharply fibrous, outer layer, minutely granular. 

By the delicacy of its structure, this species is easily distinguish- 
able from Fen. ampin ; and in the rows of cells varying from two 
to five, as well as in their mode of development, there are further 
well-marked differences. It appears to have attained considerable 
dimensions, fragments having rieen noticed an inch and arhalf in 
length and an inch in breadth. * 

The branches vary in width, swelling out gradually towards the 
bifurcations, but without any alteration in the form or size of the 
meshes ; and as far as the sWe of the specimens will pennit an 
opinion to he formed, no marked changes occurred during the deve- 
lopment of the cup, except one about to he noticed. ()n the cellu- 
liferous surface ox the branches, considerable, but uniform, altera- 
tions take place between the successive bifurcations. For a sh 
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distance above the point of separation, the branch is narrow and 
angular, and traversed along the centre by a ridge, and there is only 
one row of cellular mouths on each side. As the branch grew, the 
ridge widened, and ultimately became celluliferous, a row of mouths 
spnnging from its place {irUenutta). The three ranges of cellular 
openings ai-e, in this state of the branch, separated by two ridges, 
and these, as the development advanced, again widened and became 
cellular, the five rows being divided by four ridges. This appears 
to lie the extreme stage of growth, another bifurcation taking place 
immediately after. In the earliest formed part of the cup only two 
or throe rows of mouths prevail ; and where the number is greater, 
a certain amount of iiTegiilarity in the linear arrangement is percep- 
tible, re'^idting from the lateml expamrion of the branch. 

In the l>est preserved specimens, the mouths are relatively large, 
round or oval, and the margin is slightly raised. Jn the middle 
rows tliey are pamllel, or nearly parallel, and in the direction of the 
axis of the branch ; hut in the side rows they are often obliquely 
placed, inclining towards the meshes. In thc^e m^arly perfect speci- 
mens the dividing ridges are thread-like and slightly waved, hut 
there is no trace of the lozenge-shaped compartments so distinctly 
exhibited in FenesUlla nmjda. The interspaces between the mouths 
are fiat or slightly convex. In specimens less finely preserved, or 
deprived of the original surface, the mouths are not uiiihmu in out- 
line, and have no projecting margin. The diverging ridges are also 
relatively broader; and the whole surface, including the transverse 
connecting proces.'es, is granular or minutely tul>erculated. 

The inner layer of the non-celliilar surface is sharply fibrous, and 
the same structure may he more or less clearly detected in the 
transverse, connecting processes. The nuuiber of fibres on the 
brandies do not ^parently exceed twelve, and they are in general 
less niimerous. Their range is considerable, additional ones lieing 
interpolated as the branch widens ; and their surface is minutely 
tuherculated. No separate, circular foramina were noticed. The 
outer layer is uniformly granular, where completed, but every inter- 
mediate state from the sharply fibrous may be tmced on the same 
specimen. 

No distinct proofs of gemmuliferoiis vesicles have been observed, 
but in a specimen, which is believed to exhibit impressions of this 
species, there are occasionally to lie detected, near the mouths, 
hemispherical casts, perfectly rounded on the .surface, and evidently 
unconnected immediately with the interior of the cells, and which 
it is presumed may represent those vesicles. Fnmtella intem<tta 
appears to be an abundant fossil, one slab nearly eight inches long 
and six wide, being covered on both sides with fragments of it, 
and numerous smaller specimens occur in the collection. The 
matrix is chiefly a coarse gray calcareous shale, hut it is sometimes 
a splintery limestone, or a hard ferruginous or light-coloured clay- 
stone. 
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3. Fkptestislia fossitla, sp. n. 

Cup~nhapedi celMtferous surface inteimal; h*anc1m dichotimmSf 
slender ; meshes oval ; rows of cellSy two : transverse processes 
nonr-cellular ; inner layer of non-cellulifet'ous surface minutely 
fibrous ; external layer smooth or gramdar. 

In general a^ect and structural details, this species hears a great 
resemblance to Fenesfellafimtracea of the magnesian limestone of 
England {Retepw^a Jlrntracea, ^ Geol. Trans.,’ 2nd series, voL iii. 
pi. xii. f. 8), but it differs from it in the peculiar character ex- 
hibited ill the cast of the celluliferous surface, the nature of which 
will be given in noticing that surface. 

The principal specimen is a nearly perfect cup 1 J inch in height, 
and about two inches across the wddest, compressed part. There 
are no marked variations of character, but occasion»lly, irregu- 
larities of growth, due, apparently, to accidents during progressive 
development. 

The following details have been obtained from casts, no perfect 
surface having been noticed. — The branches had great uniformity of 
dimensions, swelling but very slightly at tlie distant points of bifur- 
cation, find their thickness was apparently nearly equal to their 
breadth. The cast of the cellular surface is traversed along the 
centre by a sharp narrow trench ( fossula), with nearly vertical 
sides, the distinguishing charactt^r between this species and Fen. 
flustracea. The cylindrical casts of the mouths, or the interior of 
the cells, are arranged in a single row on each side of the trench, 
and no increase of number is clearly perceptible at the bifurcations. 
Along the centre of the trench is a row of indentations or minute 
conical pits, a character noticeable in other species, particularly in 
Fen.Jlnstracen. They are plainly not casts of cellular openings, 
but of relatively large papiUm. traces of such projectione have 
also been noticed in several other instances. 

The mouths of the cells, in the minute fragment which has been 
obtained exhibiting them, are large, round, slightly projecting, and 
not very distant, and in the same atom is an imperfect keel. The 
remains of the non-cellular surface exhibit no characters requiring 
notice, but indications of a striated and smooth layer have been 
observed. 

The two specimens which afforded these structural details have 
a matrix of dark-coloured, hard limestone. 


Hemitrypa sexangttla, sp. n. 

Net-^work Jine^ hexagonal ; meshes round in double rows. 

The coral to which the above inefficient characters are applied, 
is imbedded in the shely surface of a dark, hard limestone. It is 
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about an inch in breadth and half an inch in height, and coneistfi of 
two layers of net-worlt, — one presenting quadrangular meshes, and 
the other hexagonal, with a round, inner area ; and over a consider- 
able part of file specimen, the quadrangtilar* net-work has been 
removed, whereby the connexion of the two structures is perfectly 
exposed. 

This fossil is believed to agree completely in its essential generic 
characters with those of Hemitiypa (* Pal. ^'oss. Cornwall,’ p. 27), 
but its state of preservation, and some facilities afforded by it for 
determining struct ural details, have led to an inference respecting 
its nature somewhat difierent from that given in the work just 
quoted. 

The inner surface of Hemitrypa oculata (loc. cit) is described as 
* marked with radiating ridges,’ having interv ening ^ oval depres- 
sions, which penetrate only half through the substance of the coral, 
and nowhere reach the outer surface,’ The equivalent portion of 
the Van Diemen’s Land specimen agrees perfectly with this state- 
ment, except in the form of the meshes or depressions ; it is, how- 
ever, not merely * like some Fenestellfie,’ hut it possesses all the 
essential characters of that genus, and is believed to he a fragment 
of Fm, fomda. This infer<mce is drawn from a minute portion 
mechanically detached, and which exhibited a row of large, round, 
projecting, cellular mouths. The external surt’oce of iicm. oculata 
IS described as ^ wholly covered with numerous round pores or 
cells ’ — * associated in double rows,’ and the corresponding portion 
of Hem. sexanytda has been ascertained tt) consist also of a similar 
surface of double rows of round mesbes or ‘ pores/ but vdth hexa- 
gonal boundaries ; and they are shown, as exhibited by the speci- 
men in its imbedded state, to penetrate to the surface of the Fene- 
Btella or quadrangular net- work. 

These details are conceivc^d to be sufficient to establish a generic 
agreement lietween the *Van Diemen’s Land coral and Hemitrypa 
oculaFa *, and an examination of an Irish specimen of that genus 
has fully confirmed the structural details exhibited in the ‘ inner 
surface ’ of the specimen to which, provisionally, the name of Hemi- 
irypa sexanyida is applied. 

Of the true nature of the ' external ’ net-work no opinion is 
ventured. It is formed almost entirely of dark gray, calcareous 
matter, filling apparently an originally celltzlar structure ; but there 
are also a few small patches of the ouW covering, consisting of an 
opaque white crust on the surface, which was ori^nally in contact 
with the external net-work. That it was a parasite little doubt 
is entertained ; and the interesting agreement between the space 
occupied by the double row of meshes, and that of the parallel 
branches of the Fenestella, arises apparently from the latter liaving 
afforded suitable base lines for attachment. In the Van Diemen s 
Land specimen, the agreement is marked by an increased breadth in 
the net-work, and by a row of projecting |K)ints, There is also a re- 
markable agreement between tne arrangement of the mouths of the 
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Feneetella and the meshes of the * inner * net-work. Similar con- 
formities are admirably shown in Mr. Phillips’s excellent figures 
PaJ. Foss.’ pi. xiii. f, 88). 

The solid portions of the structure being exceedingly fine, resem- 
bling the thread of the most delicate lace, attempts to discover satis- 
factorily internal characters proved unsuccessful, except in one place, 
where a true cellular arrangement was believed to be visible.* 
Of the nature of the investing crust, nothing also has been deter- 
mined. 

Though the name Hemitrypa may be objectionable, as applied 
to the corals under consideration, it has been thought right to re- 
tain the word, until the full characters of the genus shall have 
been ascertained. 

Falmouth, January 1844. 

' A CodringtoTi lens, half-an*ineh in diameter, was invariably used 
in examining the corals described in this notice. 
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CHAPTER Vlir. 

ON THK ELEVATION OF THE EASTERN COAST OF SOUTH 
AMEIUCA. 

Upraised Shells of La Plata- -Bald Blarwa, Sand-dunes and Pumice- 
pebbles — Step-formed Plains of Patagonia^ with upraised Shells — 
Terrace-hounded Valley of Santa Ortiz, forrnerly a Sea-strait — Up- 
raised Shells of l^rra del Fuego — Length and breadth of the elevated 
area — Equability of the movements^ as shoum by the similar heights of 
the plains -Slovmess of the cUvatory process — Mode of formation of 
the step-formed plains — Summary — Grmt Shingle Formation of Pata- 
gonia ; its extent, origin, and distribution — Formation of sea-ciiffs. 


In the following Part, which treats of the geology of 
South America, and almost exclusively of the parts 
southward of the Tropic of Capricorn, I have arranged 
the chapters according to the age of the deposits, occa- 
sionally departing from this order, for the sake of geo- 
graphical simplicity. 

The elevation of the land within the recent period, 
and the modifications of its surface through the action 
of the sea (to which subjects I paid particular attention) 
will be first discussed ; I will then pass on to the tertiary 
deposits, and afterwards to the older rocks. Only those 
districts and sections will be described in. detail which 
appear to me to deserve some particular attention ; and 
1 will, at the end of each chapter, give a summary of 
the results. We will commence with the proofs of the 
upheaval of the eastern coast of the continent, from 
the KiO' Plata southward ; and, in the next chapter, 
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follow up the same subject along the shores of Chile and 
Peru, 

On the northern bank of the great estuary of the 
Rio Plata, near Maldonado, 1 found at the liead of a 
lake, sometimes brackish but generally containing fresh 
water, a bed of muddy clay, six feet in thickness, with 
numerous shells of species still existing in the Plata, 
namely, Ohe Azara laMata^ d’Orbig., fragments of 
Mytihis eduliformis^ d’Orbig., Palwiestrhui Imbellei<f 
d’Orbig., and the Soleri CarLhmis, Lam., which last was 
embedded vertically in the position in which it had 
lived. These shells lie at the lieight of only two feet 
above the lake, nor would they have been worth mention- 
ing, except in connection with analogous facts. 

At Monte Video, I noticed near the town, and along 
the base of the mount, bed.s of a living Mytiliis, raised 
some feet above the surface of the Plata : in a similar 
bed, at a height from thirteen to sixteen feet, M. Isabelle 
collected eight species, which, according to M. d’Or- 
bigny,* now live at the mouth of the estuary. At 
Colonia del Sacramiento, further westward, 1 observed 
at the height of about fifteen feet above the river, there 
of quite fresh water, a small bed of the same Mytilus, 
which lives in brackish water at Monte Video. Near 
the mouth of Uruguay, and for at least thirty-five miles 
northward, there are at intervals large sandy tracts, 
extending several miles from the banks of the river, 
but not raised much above its level, abounding with 
small bivalves, which occur in such numbers that at 
the Agraciado they are sifted and burnt for lime. 
Those which I examined near the A. S. Juan were much 
worn: they consisted of Mactra lsahelle% d'Orbig., 
mingled with few of Veviue ainuosa, Lam., both in- 

* ‘ Voyage dans TAmerique M4rid, ; Part. Q^log.’ p. 21. 
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habiting, as I am informed by M. d’Orbigny, brackish 
water at the mouth of the Plata, nearly or quite as salt 
as the open sea. The loose sand, in which these shells 
are packed, is heaped into low, straight, long lines of 
dunes, like those left by the sea at the head of many 
bays. M. d’Orbigny has described ^ an analogous phe- 
nomenon on a greater scale, near San Pedro on the 
river Parana, where he found widely extended beds and 
hillocks of sand, with vast numbers of the Azara 
labiate^ at the height of nearly 100 feet (English) 
above the surface of that river. The Azara inhabits 
brackish water, and is not known to be found nearer to 
San Pedro than Buenos Ayres, distant above 100 miles 
in a straight line. Nearer Buenos Ayres, on the road 
from that place to San Isidro, there are extensive beds, 
as I am informed by Sir Woodbine Parish, ^ of the Aoara 
labiata, about forty feet above the level of the 

river, and distant between two and three miles from it. 
These shells are always found on the highest banks in 
the district : they are embedded in a stratified earthy 
mass, precisely like that of the great Pampean deposit 
hereafter to be described. In one collection of these 
shells, there were some valves of the Veiius sinuosaj 
Lam., the same species found with the Mactra on the 
banks of the Uruguay. South of Buenos Ayres, near 
Ensenada, there are other beds of the Azara, some of 
which seem to have been embedded in yellowish, cal- 
careous, semi-crystalline matter ; and Sir W. Parish 
has given me from the banks of the Arroyo del Tristan, 
situated in this same neighbourhood, at t^e distance of 
above a league from the Plata, a specimen of a pale- 
reddish, calcareo-argillaceous stone (precisely like parts 
of the Pampean deposit, the importance of which fact 

* ‘Voyage dans I’Am^rique M4rid. : Part. G4olog.’ p. 43. 

* ‘ Buenos Ayres/ &c., by Sir Woodbine Parish, p. 168. 
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will be referred to in a succeeding chapter), abounding 
with shells of an Azara, much worn, but which in 
general form and appearance closely resemble, and are 
probably identical with, the A. Icihiata. Besides these 
shells, cellular, highly crystalline rock, formed of the 
casts of small bivah es, is found near Ensenada ; and 
likewise beds of sea-shells, which from their appearance 
appear to have lain on the surface. Sir W. Parish has 
given me some of these shells, and M. d’Orbigny pro- 
nounces them to be, 

1. Biicoinanops globulosum, 4. Oythernpa (imperfect). 

(i’Orbig. ft. Mactra lwil>eUei, d’Orbig. 

2. 01ivancilbiriaaurioularia,do. 6. Ostroa pulchella,.do* 

3 . Venus flexuosti. Lam. 


Besides these, Sir W. Parish procured ' (as named 
by Mr. Gr. B, Sowerby ) the following shells : — 

7. Voluta colocynthis. j 9. Buccinura (not spec. ?). 

8. V. ' angulatu. 1 

All these species (with, perhaps, the exception of 
the last) are recent, and live on the South American 
coast. These shell-beds extend from one league to six 
leagues from the Plata, and must lie many feet above 
its level. I heard, also, of beds of shells on the Som- 
borombon, and on the Eio Salado, at which latter 
place, as M. d’Orbigny informs me, the Mactra Imbellei 
and Venus sinuosa are found. 

During the elevation of the Provinces of La Plata, 
the waters of the ancient estuary have but little aflfect^^d 
(with the exception of the sand-hills on the banks of 
the Parana and Uruguay) the outline of the land. 
M. Parchappe,® however, has described groups of sand- 
dunes scattered over the wide extent of the Pampas 

^ ‘Buenos Ayres/ &c., by Sir W. Parish, p. 168. 

. PQrbigny's * Voyage, U6olojg.' p. 44. 
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southward of Buenos Ayres, which M. d’Orbigny attri- 
butes with much probability to the action of the sea, 
before the plains were raised above its level.^ 

Southward of the Plata . — The coast as far as Bahia 
Blanca (in lat. 39^ S.) is formed either of a horizontal 
range of cliffs, or of immense accumulations of sand- 
dunes. Within Bahia Blanca, a small piece of tsLble- 
land, al)out twenty feet above high-water mark, called 
Punta Alta, is formed of strata of cemented gravel and 
of red earthy mud, abounding with shells (with others 
lying loose on the surface), and the bones of extinct 
mammifers. These shells, twenty in number, t/)gether 
witli a Balanus and two corals, are all recent species, 
still inhabiting tlie neighbouring seas. They will be 
enumerated in the eleventh Chapter, when describing 
the Parapean formation ; five of them are identical 
wii/h the upraised ones from near Buenos Ayres. The 
northern shore of Bahia Blanca is, in main part, formed 


’ Before proceeding to tho southward of La PlaUi, it may 

bo worth wliile just to sbite, that thoro is some evidence that the 
const of Brazil has participated in a small amount of elevation. Mr. 
Burchcll informs me, that he collected at t^ntos (lat. 2-1® S.) oyster- 
shells, apparently recent, some miles from the shore, and quite above the 
tidal action. AVestward of Bio do Janeiro, (Japt. Elliot is as.serted (see 
Harlan. • Med. and Phys. Bes,,’ p. 3o, and lli*. Meigs, in ‘ Trans. Amer. 
Phil. Soc.’), to have found human bones, eneruslod with sea-shells, be- 
tween fifUien anil twenty feet above the level of tho soa. Bet,ween Bio 
de Janeiro and Cape Brio I crossed sandy tracts aV)Ounding with sea- 
shells, at the distance of a league from the co.nst ; but Mdiether these 
trai^te have boon formed by upheaval, or through the mere accumulation 
of drift, sand, I am not proparetd to asBort. At Bahia (lat. 13® 8.), in 
some parts near the coast, there are traces of sea-action at tho height 
of about twenty feet above its present level; there are also, iu many 
parts, remnants of bods of sandstone and conglomeratic wdth numerous 
recent shells, raised a little above tho sea-lovel. I may add, that 
at tho head of Bahia bay there is a formation, about forty feet in 
tiiickness, containing tertiary shells apparently of frosh-wstor origin, 
now washed by tlje sea and encrusted with Balini this appears to 
indicate a small amount of subsidence subsequent to its deposition. At 
Pernambuco (lat. 8® 8.), iu the alluvial or tertiary cliffs, surrounding 
tlie low land on which the city stands, 1 looked in vain for organic 
remains, or other evidence of changes in level. 

O 
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of immense sand-dunes, resting on gravel with recent 
* shells, and ranging in lines parallel to the shore. These 
ranges are separated from each other by flat spaces, 
composed of stiff impure red clay, in which, at the 
distance of about two miles from the coast, I found by 
digging, a few minute fragments of sea-shells. The 
sand-dunes extend several miles inland, and stand on a 
plain, which slopes up to a height of between one and 
two hundred feet. Numerous, small, ’well rounded 
pebbles of pumice lie scattered both on the plain and 
Rand-liillocks : at Monte Hermoso, on the flat summit 
of a cliff, I found many of them at a height of 120 feet 
(angular measurement) above the level of the sea. 
These pumice pe))bles, no doubt, were originally broiiglit 
down from the Cordillera by the rivers which cross the 
continent, in the same way as the river Negro anciently 
brought down, and still brings down, pumice, and as 
the river Chupat brings down seorise : when once 
delivered at the mouth of a river, they would naturally 
have travelled along the coasts, and been oast np, dur- 
ing the elevation of the land, at different heights. The 
origin of the argillaceous flats, whicli separate the 
parallel ranges of sand-dunes, seems due to the tides 
here having a tendency (as I believe they have on most 
shoal, protected coasts) to throw up a bar parallel to 
the shore, and at some distance from it ; this ])ar 
^^'g,dually becomes larger, affording a base for the 
of sand-dunes, and the shallow space 
tition o/ becomes silted up with mud. The repe- 
would form^® process, without any elevation of the land, 
eand-hillocks;^®^^^ plain traversed by parallel lines of 
hillocks would ^ elevation of the land, the 

that on the northm"^ surface, like 

observe any shells in^ Blanca. I did not 

^his neighbourhood at a greater 
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height than twenty feet ; and therefore the age of the 
sea-drifted pebbles of pumice, now standing at the height 
of 120 feet, must remain uncertain. 

The main plain surrounding Bahia Blanca I esti- 
mated at from 200 to 300 feet ; it insensibly rises 
towards the distant Sierra Ventana. There are in this 
neighbourhood some other and lower plains, but they 
do not abut one at the foot of the other, in the manner 
hereafter to be descri])ed, so characteristic of Patagonia. 
The plain on which the settlement stands is crossed hy 
many low sand-dunes, abounding with the minute shells 
of the Pfiludestrina australis,, d'Orhig., which now 
lives in the bay. This low plain is bounded to tlie 
south, at the (labeza del Buey, by the cliff-formed 
margin of a wide plain of the Pampean formation, 
which I estimated at sixty feet in height. On the 
summit of this cliff there is a range of high sand-dune 5 
extending several miles in an east and west line. 

Southward of Baliia Blanca, the river Colorado 
flows between two plains, apparently from thiity to 
forty feet in height. Of these plains, the southern one 
slopes up to the foot of the great sandstone plateau of 
the Kio Negro ; and the northern one against an escarp- 
ment of the Pampean deposit ; so that tlie Colorado 
flows in a valley fifty miles in width, between the upper 
escarpments. I state this, because on the low plain at 
the foot of ihe northern escarpment, I crossed an im- 
mense accumulation of high sand-dunes, estimated by 
the Gauchos at no less than eight miles in breadth. 
These dunes range westward from the Coast, which is 
twenty miles distant, to far inland, in lines parallel to 
the valley; they are separated from each other by 
argillaceous flats, precisely like tliose on the northern 
shore of Bahia Blanca. At present there is no source 
whence this immense accumulation of sand could pro- 
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ceed ; but if, as I believe, the upper escarpments once 
formed the shores of an estuary, in that case the sand- 
stone formation of the river Negro would have afforded 
an inexhaustible supply of sand, which would naturally 
have accumulated on the northern shore, as on every 
part of the coast open to the south winds between Bahia 
Blanca and Buenos Ayres. 

At San Bias (40® 40' S.), a little south of the 
mouth of the Colorado, M. d’Orbigny ’ found fourteen 
species of existing shells (six of them identical with 
those from Bahia Blanca), embedded in their natural 
positions. From the zone of deptli which these shells 
are known to inhabit, they must liave been uplifted 
thirty-two feet. He also found, at from fifteen to 
twenty feet above this bed, the remains of an ancient 
beach. 

Ten miles southward, but 120 miles to the west, at 
port S. Antonio, the Officers employed on the Survey 
assured me that they saw many old sea-shells strewed 
on the surface of the gi ound, similar to tliose found on 
other parts of the coast of Patagonia. At Ban Josef, 
ninety miles south in nearly the same longitude, I found, 
above the gravel, which caps an old tertiary forma- 
tion, an irregular bed and hillocks of sand, several feet 
in thickness, abounding with shells of Patella deaii ritUy 
Mytilus Magella.nicm^ the latter retaining much of its 
colour; Funm Magellanicus., (and a variety of the same) 
and a large Balanus (probably /i. TuUpa).^ all now found 
on this coast : I estimated this bed at from eighty to 
one hundred feet above the level of the sea. To the 
westward of this bay, there is a plain estimated at be- 
tween 200 and 300 feet in height : this plain seems, 
from many measurements, to be a continuation of the 
sandstone platform of the river Negro* The next 

* ‘ Voyage,’ &c. 
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place southward, where I landed, was at Port Desire, 
340 miles distant ; but from the intermexiiate districts 
I received, through the kindness of the Officers of the 
►Survey, especially from Lieut. Stokes and Mr. King, 
many specimens and sketches, quite sufficient to show 
the general uniformity of the whole line of coast, I 
may here state, that the whole of Patagonia consists of 
a tertiary formation, resting on and sometimes sur- 
rounding hills of porphyry and quartz ; the suiface is 
worn into many wide valleys and into level step-formed 
plains, rising one above another, all capped by irregular 
beds of gravel, chiefly composed of porphyiitic rocks. 
This gravel formation will be separately descrilxHi at 
the end of the chapter. 

My object in giving the following measurements 
of the plains, as taken by the Officers of the Survey, 
is, as will hereafter be seen, to show the remarkable 
e( (liability of the recent elevatory movements. Round 
the southern parts of Nuevo Gulf, as far as the River 
Chuyiat,, (sevmity miles southward of San Josef) there 
appejar to be several plains, of which the best defined 
are here represented. 

No, lo. 

Section of Stciv-fonneil Plaius SoiitU of Nuevo Gulf. 

3r»() ft. An. Al. 200-220 An. M. SO Bat. 


Weett. ^ — - — — — ■■■ — - V . n . n J a , East. 

ticvel of sea. BciJe of inch to 100 feet vertical. 

N,B,— An. M. nlWajK stands for an^nilar or triponoinetri<jal measurement, 

Bu. M. ,, bari>nietrical meastmunent. 

Bst. „ estimation by the Oflicpxs of the Survey. 

The upper plain is here well defined (called Table 
Hills) ; its edge forms a cliff or line of escarpment 
many miles in length, projecting over a lower plain. 
The lowest plain corresponds with that at San Josef 
with the recent shells on its surface. Between this 



rJLKT IT, 


198 Elevation of Patagonia. 

lowest and' the uppermost plain, there is probably more 
than one step-formed terrace : several measurements 
show the existence of the intermediate one of the height 
given in the diagram. 

Near tlie north headland of the great Bay of St. 
(xeorge (100 miles south of the Clnipat), two well 
marked plains of 250 and 330 feet- were measured : 
these are said to sweep round a great part of the Kay. 
At its south hendland, 120 miles distant from the north 
headland, the 250 feet plain was again measured. In 
the middle of the bay, a higher plain was found at 
two neighbouring places (Tilli Koads and (\ Marques) 
to be 580 feet in height. Alcove this plain, towards 
the int(‘rior, IVlr. Stokes informs me that there were 
several other step-formed plains, the higliest of which 
was estimated at 1,200 feet, and was seen ranging at 
apparently the same heiglit for 150 miles northward. 
All tliese plains have been worn into great valleys and 
much denuded. The following section is illustrative of 
the general structure of llie great Bay of St. George. 

No. IG. 

St'ctlnn of rialns iji tlu* Lay of St. Gfjorgc. 
f(\'t li.st. Not mousLiri'd, 

r'~ 

* •' - :>80An. M. 3;^(>An. M. 2,'>0An. W. 


Levol of &ea. Hc;iU; of inch to 100 foot vrrti(‘a]. 

At tlie south headland of the ]5ay of St. George (near 
C. Three Points) the 250 plain is Vfjry extensive. At 
Fort Desire (forty miles southward) I made several 
measurements with the barometer of a plain, which 
extends along the north side of the port and along the 
open coast, and which varies from 215 to 255 feet in 
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height : this plain abuts against the foot of a higher 
plain of 330 feet, which extends also, far northward 
along the coast, and likewise into the interior. In the 
distance a higher inland platform was seen, of which 
I do not know the height. In three separate places, I 
observed the cliff of the 245-255 feet plain, fringed by 
a teirace or narrow plain estimated at about 100 feet 
in heiglit. These plains are represented in the fol- 
lowing section : — 

No. 17. 

St'ction of Plaiii-s at Pori Desire. 

Not mea'^iired. 


Level of sea. Scale of inch to 100 feet vertical. 


•46 5 SSI 

Ui C<Z 


100 ft. Est. 


In many places, even at the distance of three and 
four miles from the coast, I found on the gravel-capped 
siu*face of the 245-255 feet, and of the 330 feet plain, 
shells of Myiilns M. edults^ Patella 

deauriia, and another Tatella, too much worn to be 
identified, but apparently similar to one found abun- 
dantly adhering to the leaves of the kelp. These 
species are the commonest now living on this coast. 
The shells all appeared very old : the blue of the 
mussels was much faded ; and only traces of colour 
could be percc'ived in the Patellas, of which the outer 
surfaces were scaling off. Tliey lay scattered on the 
smooth surface of the gravel, but aboifuded most in 
certain patches, especially at the heads of the smaller 
valleys : they generally contained sand in their insides ; 
and I presume that they have been washed by alluvial 
action out of thin sandy layers, traces of which may 
sometimes be seen covering the gravel. The several 
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plaiBB have very level surfaces ; but all are scooped out 
by numerous, broad, winding', flat-bottomed valleys, in 
which, judging from the bushes, streams never flow. 
These remarks on the state of the shells, and on the 
nature of the plains, apply to the following cases, so 
need not be repeated. 

Southward of Port Desire, the plains have been 
greatly denuded, with only small pieces of table-land 
marking their former extension. But opposite Bird Is- 
land, two considerable ste|>-formed plains were mea.siu’ed, 
and found respectively to be 3d0 and 590 feet in height. 
This latter plain extends along tlie coast close to Port 
St. Julian (110 miles soutli of Port Dcjsire); where we 
have the following section : — 


No. 18. 


Section of Plains at Port St. Julian. 


950 ft. 


500 An. M. 


430 An. M, 5 fi: 

g SU 


Level aea. Scale ’ i>f inch to 100 feet vertical. 


The lowest plain was estimated at ninety feet: it is 
remarkable from the usual gravel-bed being deeply 
worn into liollows, which are filled up with, as well as 
the general surface covered by, sandy and rc^ddish earthy 
matter; in one of the hollows thus filled up, the skeleton 
'of the Macrauehenia Pafachoniea^ as will hereafter be 
described, was embedded. On the surface and in the 
upper parts of this earthy mass, there were, numerous 
shells of Mytilus Afagelbinicvs and M, edulis., Patella 
deaurlta, and fragments of other species. This plain 
is tolerably level, but not extensive ; it forms a pro- 
montory seven or eight miles long, and three or four 
wide. The upper plains in the above diagram,, were 
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measured by the Officers of the Survey ; they were all 
capped by thick beds of gravel, and were all more or 
less denuded : the 950 plain consists merely of separate, 
truncated, gravel-capped hills, two of which, by measure- 
ment, were found to differ only three feet. The 430 
feet plain extends, apparently witli hardly a break, to 
near the nortliern entrance of the Eio Santa Cruz (fifty 
miles to the south) ; but it was there found to be only 
330 feet in height. 

On the southern side of the mouth of the Santa Cruz 
we have the following section, which I am able to give 
with more detail than in the foregoing eases : — 

No. 19. 

Section of riuins at the mouth of tlio Eio Santa Cruz. 



Level of vSt'u. Sttale of incli to 100 feet vertical . 


The plain marked 355 feet (as ascertained by the 
barometer and by angular measurement) is a continua- 
tion of the above-mentioned 330 feet plain : it extends 
in a NW. direction along the southern shores of the 
estuary. It is capped by gravel, which in most parts is 
covered by a thin l>ed of sandy eartli, and is scooped out 
by many flat-bottomed valleys. It appears to the eye 
quite level, but in proceeding in a SSW. course, towards 
an escarpment distant about six miles, and likewise 
ranging across the country in a NW, line,* it was found 
to rise at first insensibly, and tlien for the last half mile, 
sensibly, close up to the base of the escarpment : at 
this point it was 463 feet in height, showing a rise of 
108 feet in the six miles. On this 355 to 463 feet 
plain, I found several shells of MyiUm Magelkmlcui^ 


N, East, 
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and of a Mytilun, which Mr. Sowerby informs me is yet 
unnamed, though well known as recent on this coast ; 
Patella deaurita ; F'usits\ I believe, Mar/ellan'ieus^ but 
the specimen has been lost ; and at tlie distance of four 
miles from the coast, at the height of about 400 feet, 
there were fragments of tlie same Patella and of a 
Voluta (a{)}>ar(‘ijtiy V, aucilla) partially emlxKided in 
the superheial sandy eartli. All these shells had the 
sam(^ ancient appearance with those from the foregoing 
localities. As the tides along this part of tlie coast 
rise at the Syzygal peri<»d forty feet, and tlieiadbre form 
a well-marked ]>each-Une, I particularly looked out for 
ridges iii crossing this plain, wdiich, as we liave sc^en, 
rises 108 feet in about six miles, but I could not see 
any traces of such. The next higliest plain is 710 feet 
above the sea ; it is wry narrow, but level, and is 
capped with gravel ; it ahuts to the foot of the 840 
feet plain. Tliis summit-]>Iain extends as far as the 
eye can range, lioth inlarui along the southern side of 
tlie valley of the Santa Cruz, and southward along the 
Atlantic. 

The Valley of the IL Sa'fUa Craz , — This valley runs 
in an (iast and west direction to the Cordilh^ra, a dis- 
tiince of aliout 160 miles. It cuts tljrough the gi’eat 
Patagonian tertiary formation, including, in the upper 
halt of the valley, immense, streams of basaltic lava., 
which, as well as the softer beds, are eappt*d by gravel ; 
and this gravel, Ingh up t lie river, is associated with a 
vast boulder formation.^ In ascending the valley, the 
plain Vrdjich at the mouth on the soutliern side is 355 
feet high, is seen to trend towards the corresponding 
plain on the nortliern side, so tliat their escarpments 
appear like the shores of a former estuary, larger than 

^ I hare described this formation in a paper in the ‘ Geological 
Transactions, ’ rol. vi. p. 415 . 
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the existing one : the escarpments, also, of the 840 feet 
summit-plain (with a corresponding northern one, 
which is met with some way up the valley), appear like 
the shores of ai still lai ger estuary. Farther up the val- 
ley, the sides are bounded throughout its entire length 
by level, gravel-capped terraces, rising above each other 
in steps. TJie width between the upper escarpments is 
on an average between seven and ten miles ; in one 
spot, however, where cutting through the basaltic lava, 
it was only one mile and a half. Between the escarp- 
ments of the second highest tcTrace the average width 
is about four or live miles. The bottom of tlie valley, 
at the distance of 110 miles from its mouth, begins 
sensil»ly to expand, and si)On forms a considerable plain, 
440 f(‘(it a])ove the level of the sea, through which the 
river flows in a gut from twenty to forty feet in depth. 
I liere found, at a point of 140 miles from tlie Atlantic, 
and seventy miles from the nearest creek of the Pacific, 
at the height of 410 fi'ct, a very old and worn shell of 
Patella dean rita. Loww down the valley, 105 miles 
from the Atlantic (long. 71° W.), and at an elevation 
oh about 300 fi'et, I also found, in the bed of the river, 
two much worn and broken shells of the Valuta ancilla^ 
still retaining traces of tlieir colours ; and one of the 
Patella deaurita. It appeared that these shells had 
been washed from the banks into the river; considering 
the distance from the sea, the desert and absolutely 
unfrequented character of the country, and the very 
ancient appearance of the shells (exactly like those 
foniid on the plains nearer the coast), therfe is, 1 think, 
no cause to suspect that they could have l>een brought 
here by Indians. 

The plain at the head of the valley is tolerably 
level, but water-worn, and with many sand-dunes on it 
like those on a sea-coast. At the liighest point to w^hich 
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we ascended, it was sixteen miles wide in a north and 
south line ; and forty-five miles in length in an east 
and west line. It is bordered by the escarpments, one 
above the other, of two plains, which diverge as they 
approacli the Cordillera, and consequently resemble, at 
two levels, the shores of great bays facing the moun- 
tains ; and these mountains are breaeht d in front of the 
lower plain by a remarkable gap. The valley, therefore, 
of the Santa Cruz consists of a straiglit broad cut, 
about ninety miles in length, bordered by grax el-capped 
terraces and plains, the escarpments of which at both 
€mds diverge or expand, one over the other, alter the 
manner of the shor(\s of great bays. Bearing in mind 
this peculiar form of the land — the sand-iliines on the 
plain at the head of the valley — the gap in the Cordil- 
lera, in front of it — the presence in two jdaces of very 
ancient shells of existing species — and lastly, the cir- 
cumstance of the 355 to 453 feet plain, with the 
numerous marine remains on its surface, sweeping from 
the Atlantic coast, far np the valley, I think we must 
admit, that within the recent period, the course of the 
Santa CTiiz formed a sea-strait intersecting the con- 
tinent. At this period, the soutliera part of South 
America consisted of an archipelago of islands 3G0 
miles in a N, and S. line. We shall pres(*ntJy see, that/ 
two other straits also, since closed, then cut through 
Tierrd del Fuego ; 1 may add, that one of them must 
at that time have expanded at tlie foot of tlie Cordillera 
into a gi’eat bay (now Otway Water) like that which 
formerly covered the 440 feet plain at the head of the 
Santa Cruz. 

I have said that the valley in it-s whole course is 
bordered by gravel-capped plains. The following sec- 
tion, supposed to be drawn in a N. and S. line ficross 
the valley, can scarcely be considered as more than 
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illustrative; for during our hurried ascent it -was im- 
possible to measure all the plains at any one place. 

No. 20. 

North and South Sootlon ncros'? thft TcTraces hounding; the Valley of 
the Rivor Santa (Jruz, high up its course. 

A south. A north. 



1122 ft. MliOft. WIMt. Hodot o-jlMt. HiilML 1122 It. 

river. 


The lu'ight of each terrace above the level of the river, is shown by the number 
muliT it. Vertical scale t/.-, of mob to a ItM) feet; but torrac'o E being only 
twenty feet above the river, has necessarily Iwn raised. The hori?!outal dis- 
tances much contracted ; the distance from the edge of A n. to A s. being on an 
average trom s<*ven to ten inihjH. 

At a point nearly midway lietween the Cordillera and 
the Atlantic, I found the plain (A nortli) 1,122 feet 
above tlie river; all the lower plains on this side were 
here united into one great broken clitf : at a point 
sixteen miles lower down tbe stream, I. found by 
measurement and estimation that R (n) was 8G9 above 
tlie river ; very near to where A (?i) was measured, 
0 ( 7 i) was 639 above the same level : the terrace D (71) 
was nowhere measured : the lowest E ( 7 ?) was in many 
places about twenty feet above the river. These plains 
or terraces were liest developed where the valley was 
widest ; the whole five, like gigantic steps, occurred 
together only at a few points. The lower terraces are 
less continuous than the higher ones, and appear to be 
entirely lost in the upper third of the vfilley. Terrace 
C («), however, was traced continuously *:for a great 
distance. The terrace B ( 71 ), at a point of fifty-five 
miles from the mouth of the river, was four miles in 
width ; higher up the valley this terrace (or at least 
the second highest one, for I could not always trace it 
continuously) was about eight miles wide. This second 
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plain was generally wider than the lower ones — a« 
indeed follows from the valley from A (ft) to A {f) 
being generally nearly double the width of from B { 11 ) 
to B if). Low down tlie valley, the summit-plain A (.v) 
is continuous with the 840 feet plain on the coast, but it 
is soon lost or unites with the escarpment cd B (^). 
The corresponding plain A (?i), on the north side of the 
valley, appears to range continuously from the Cordil- 
lera to the head of llie present estuary of the S. Cruz, 
where it trends northward towards Pt>rt St. Julian. 
Near the Cordillera .the summit-plain on both sides of 
the valley is between .3,200 and ,3,300 feet in height ; 
at 100 miles from the Atlantic, it is 1,416 fe(tt, and on 
the coast 840 feet, all above the sea-beach; so that in 
a distance of 100 miles the plain rises 576 feet, and 
much more rapidly near to the Cordillera. The lower 
terraces B and C also appear to rise as they run up the 
valley; thus D (ft), measured at two points twenty- 
four miles apart, was found to have risen 185 feet. 
From several reasons I sus])ect, that this gradual 
inclination of the plains up the valley, has been chiefly 
caused by the elevatiou of the continent in mass, 
having heen the greater the nearer to the Cordillera. 

All the terraces are capped with well-j onnded gravel, 
which rests either on the denuded and sometimes 
furrowed surface of the soft tertiary deposits, or on the 
basaltic lava. The difference in height In^twecn some 
of the lower steps or terraces seems tx> be 'entirely 
owing to a difference in the thickness of the capping 
gravel. Furrows and inequalities in the gravel, where 
such occur, are filled up and smoothed over with sandy 
earth, llie pebbles, especially on the higher plains, 
are often white- washed, and even cemented together by 
a white aluminous substance ; and I occasionally found 
this to be the caae with the gravel on the terrace D. 
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I could not perceive any trace of a similar deposi- 
tion on the pebbles now thrown up by the river, and 
therefore I do not think that terrace D was river- 
formed. As the terrace E generally stands about 
twenty feet above the bed of the river, iny first impres- 
sion was to doubt whether even this lowest one could 
have been so formed ; but it shouhl always be borne in 
mind, that the horizontal upheaval of a district, by in- 
creasing tlie total descent of the streams, will always 
tend to increase, first near the sea-coast and then 
farther and farther up the valley, their corroding and 
deepening powers : so tliat an alluvial plain, formed 
almost on a level with a stream, will, after an elevation 
of this kind, in time he cut through, and left standing 
at a height never again to ])e readied by the water. 
With respect to tlie three upper terraces of the S. Cruz, 
I think there can be no doubt-, that tliey were modelled 
by the sea, when the valley was occupied by a strait, in 
the same manner (hereafter to be discussed), as tlie 
greater, step-tbirnf^rl, shell-strewed plains along the 
coast of Patagonia. 

To return to the shores of the Atlantic : the 840 
feet plain, at the mouth of the Santa Cruz, is seen ex- 
tending horizontally far to the soutli ; and I am in- 
formed by the Officers of the Survey, that bending round 
the head of Coy Inlet (sixty-five miles soutli ward), it 
trends inland. Outliers of apparently the same height 
are seen forty miles farther south, inland of tlie river 
Gallegos ; and a plain comes down to Cape Gregory 
(thirty-five miles southward), in the Strait 6f Magellan, 
which was estimated at between 800 and 1,000 feet 
in height, and which, rising towards the interior, is 
capped by the boulder formation. South of the Strait 
of Magellan, there are large outlying masses of appa- 
rently the same great table-land, extending at intervals 
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along the eastern coast of Tierra del Fiiego: at two 
places here, 110 miles apart, this plain w^as found to be 
050 and 970 feet in height. 

From Coy Inlet, where tlie high summit-plain 
trends inland, a plain estimated at 350 feet in height, 
extends for forty miles to the river Gallegos. From 
this point to the Strait of JMagellan, and on each side 
of that Strait, the coiinl ry has been much denuded and 
is less level. It consists chiefly of the boulder forma- 
tion, wdiich rises to a height of between 150 and 250 
feet, and is often capped by beds of gravel. At N.S. 
Gracia, on the north side of the Inner Narrows of the 
Strait of Magellan, I found on the summit of a cliff, 
lf)0 feet in height, shells of existing Patelhe and Mytili, 
scattered on the surface and partially embedded in 
earth. On the eastern coast, also, of Tierra del Fuego, 
in latitude 53^ 20' S., I found many Mytili on some 
level land, estimated at 200 feet in height. Anterior 
to the elevation attested by these shells, it is evident 
by the present form of the land, and by the distribution 
of the great erratic boulders ^ on the surface, that two 
sea-channels connected the Strait of Magellan both 
with Sebastian Bay and with Otway Water, 

CondvAinfj rerttarkH on the recent elevation of the 
sonih-^eastern eoasU of America^ and on the action of 
the sea on the land, — Upraised shells of species, still ex- 
isting as the commonest kinds in the adjoining sea, occur, 
as we have seen, at heights of between a few feet, and 410 
feet, at intervals from latitude 33® 40' to 53® 20' South. 
This is a distance of 1,180 geographical miles — about 
equal from London to the North Cape of Sweden. As 
the boulder formation, extends witli nearly the same 
height 150 miles south of 53® 20', the most southern 
point wd^ere I landed and found upraised shells ; and 
> ' Geoh)g. Transactions/ vol. ri. p. 419. 
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as the level Pampas ranges many hundred miles north- 
ward of the point, where M. d’Orbigny found at the 
height of 100 feet beds of the Azara, the space in a 
north and south line, which has been uplifted within 
the recent period, must have been much above the 
1,180 miles. By the term ‘ recent,’ I refer only to that 
period within which the now living mollusca were 
called into existence ; for it will be seen in the eleventh 
Chapter, that both at Bahia Blanca and P. S. Julian, the 
mammiferous quadrupeds which co-cxisted with these 
shells belong to extinct species, I have said that the 
upraised shells were found only at intervals on this line 
of coast, but this in all probability may be attributed 
to my not having landt^l at the intermediate points ; 
for wherever I did land, with the exception of the 
river Negro, shells were found : moreover, the shells 
are strewed on plains or terraces, which, as we shall 
immediately see, extend for great distances with a 
unifonn height. I ascended the higher plains only in 
a few places, owing to the distance at which their 
escarpments generally range from the coast, so that I 
am far from knowing that 410 feet is the maximum of 
elevation of these upraised remains. The shells are 
those now most abundant in a living state in the 
adjoining sea.* All of them have an ancient appear- 
ance ; but some, especially the mussels, although lying 
fully exposed to the weather, retain to a considerable 
extent their colours ; this circumstance appears at first 
siurprising, but it is now known that the colouring 
principle of the Mytiliis is so enduring, that it is pre- 
served when the shell itself is completely disintegrated.® 

* Capt, King, ‘Voyages of Adyenture and Beagle,* vol. i. pp, 6 and 
183. 

* See Mr. LycH’s ‘Proofs of a Gradual Rising in feVeden,’ in the 
‘Philosoph. Transact* 1835, p. 1. See also Mr. Smith, of Jordan Hill, 
in the ‘ fciin. Now Phil. Journal,* vol, xxv. p. 303. 
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Most of the shells are broken ; I nowhere found two 
valves united ; the fragments are not rounded, at least 
in none of the specimens which I brought home. 

Wit]\ respect to the breadth of the upraised area in 
an east and west line, we know from the shells found at 
the inner Narrows of the Strait of Magellan, that the 
entire width of the plain, although there very narrow, 
has been elevated. It is probable tliat in this southern- 
most part of the continent, the movement lias extended 
under Die sea far eastward; for at the Falkland Islands, 
thougli I could not find any shells, the bones of whales 
have been noticed by several competent observers, lying 
on the land at a considerable distance from the sea, and 
at the height of some hundred feet above it.' Moro 
over, we know that in Tierra del Fuego the boulder for- 
mation has been uplifted within the recent period, and a 
similar formation occurs^ on the north-western shores 
(Byron Sound) of these islands. The distance from 
this point to the Cordillera of Tierra del Fuego, is 360 
miles, wliich we may take as the probable width of the 
recently upraised area. In the latitude of the II. Santa 
Cruz, we know from tlie shells found at the mouth and 
bead, and in the middle of the valley, that the entire 
width (about 160 miles) of the surface eastward of the 
Cordillera has been upraised. From the slope of the 
plains, as sliown by the course of the rivers, for several 
degrees northward of the S. Cruz, it is probable that the 
elevation attested by the shells on the coast lias likewise 
extended to the Cordillera. When, however, we look as 
far northward as tlie provinces of La Plata, this conclusion 

* 'VoyHp:<is of tho Adrenttiro and Beagle/ vol. ii. p, 227. And 
Bougainville’^ ‘ Voyage,' tome i. p, 112, 

^ I owe this fjict to tin* kindness of Capt. Suli\’>in, a highly 

competent observer. I mention it more (jspoeifilly, as in my Paper 
(p. 427) on tho Boulder Formati«m, I have, after having examined tJie 
Dortberu and middle parts of Che ojistejm island, said that the formation 
was hero whoUy absent 
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would be very hazai’dous ; not only is tbe distance from 
Maldonado (where I found upraised sliells) to the 
Cordillera great, namely, 760 miles, but at the head 
of the estuary of the Plata, a NNE. and SSW. range 
of tertiary volcanic rocks has been observed,* which 
may well indicate an axis of elevation quite distinct 
from that of the Andes. Moreover, in the centre of 
the Pampas in tlie chain of Cordova, severe earthquakes 
liave been felt ; wliereas at l^Iendoza, at the eastern 
foot of the Cordillera, only gentle oscillations, trans- 
mitted from the shores of the Pacific, liave ever been 
experienced. Hence the elevation of the Pampas may 
be due to se.veral distinct axes of movement ; and we 
cannot judge, from the upraised sliells round the estuary 
of the Plata, of the breadth of the area uplifted within 
the recent period. 

Not only has the above specified long range of coast 
been elevated within the recent jic^riod, but I think it 
may be safely inferred from thc' similarity in height of 
the gravel-capped plains at distant points, that there 
has been a remarkable degree of equability in the 
elevatory process. I mtiy premise, that when I mea- 
sured the plains, it was simply to ascertain the heights 
at which shells occurred ; afterwards, comparing tliese 
measurements with some' of those made during the 
Survey, I was struck with their uniformity, and accord- 


' This volcanic formation will bo Joscribod in ChnptorXI. It ip not 
improbable that the height of the upraised shells at thc head of the 
estuary of the Plata, being greater than at Bahia Blanca or at San Bias, 
Ttuiy bo owing b:) the upheaval of these latter phieos Imving been con- 
nected with the distant lino of the Cordillera, whilst that of the 
provinces of La Plata was in couuectiou with the adjoining tertiary 
volcanic axis* 

See Sir W. Parish’s work on * La Plata,’ p. 24‘J. For a notice of 
an earthquake which drained a lake near Cordova, see nko Temples 
‘ Travels in Peru.’ Sir W. Pariah informs me, that u town between Salta 
and Tucuman (north of Cordova) was formerly ntterly oTurllirown by an 
earthquake. 

I* 2 
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PART II. 


ingly tabulated all those which represented the sum- 
mit-edges of plains. The extension of the 330 to 355 
feet plain is very striking, being found over a space of 
500 geographical miles in a north and south line. A 
table of the measurements is here given. The angular 
measurements and all the estimations are by the Officers 
of the Survey ; the barometrical ones by myself : — 


Feet. 

Onllegos River to Coy Inlet (partly angular meas. and partly estim.) 350 
vSoutli Side of Santa OruiJ (aug. and harom. meas.) .... 355 

North Side of do. (aiig. m.) 330 

Bird Island, plain opposite to (ang. ra.) 350 

I^on Desire, plain extending far along coast (Ijurom. ru.) . . 330 

St. George’s Bay, north promontory (ang. m.) .... 330 

Table Land, south of New Bay (aug. m.) 350 


A plain, varying from 245 to 255 feet, seems to 
extend with much uniformity from Port Desire to the 
north of St. George’s Bay, a distance of 170 miles; 
and some approximate measurements, also given in the 
following table, indicate the much greater extension of 


7 80 miles : — 

Foot. 

Coy Inlet, south of (partly ang. m. and partly estim.) . 200 to 300 

Port Desire (barora, m.) 245 to 255 

C- Blanco (ang. m.) ....... 250 

North Promontory of St. George’s Bay (ang. m.) . . 250 

South of New Riy (ang. m.) 200 to 220 

North of S. Josef (estim.) ...... 200 to 300 

Plain of Rio Negro (ang. ra.) 200 to 220 

Bahia Blanca (estim.) 200 to 300 


The extension, moreover, of the 5G() to 580, and of 
the 80 to 100 feet, plains is remarkable, though some- 
what less obvious than in the former cases. Bearing 
in mind that I have not picked these measurements 
out of a series, but have used all those which repre- 
sented the edges of plains, I think it scarcely possible 
that these coincidences in height should be accidental. 
We must therefore conclude that the action, whatever 
it may have been, by which these plains have been 
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modelled into their present forms, has been singularly 
uniform. 

These plains or great terraces, of which three and 
four often rise like steps one behind the other, are 
formed by the denudation of the old Patagonian 
tertiary beds, and by tlie deposition on their surfaces of 
a mass of well-rounded gravel, varying, near the coast, 
from ten to thirty-five feet in thickness, but increasing 
in thickness towards the interior. The gravel is often 
capped ])y a thin irregular bed of sandy earth. The 
plains slope up, though seldom sensibly to the 
from the summit-edge of one escai’pment to the foot of 
the next liigliest one. Within a distance of 150 mihis, 
between Santa Cruz to Port Desire, where the plains 
are particularly well developed, there are at least se\'cn 
stages or steps, one above the other. On the throe 
lower ones, namely, those of 100 feet, 250 feet, and 
350 feet in height, existing littoral shells are abundantly 
strewed, either on the surface, or partially embedded in 
the superficial sandy earth. By whatever action these 
three lower plains have been modelled, so undoubtedly 
have all the higher ones, np to a height of 950 feet at 
S, Julian, and of 1,200 feet (by estimation) along St. 
George’s Bay. I think it will not 1)e disputed, con- 
sidering the presence of the upraised marine shells, that 
the sea 1ms been the active power during stages of some 
kind in the olevatory process. 

We will now briefly consider this subject: if we 
look at the existing coast-line, the evidence of the 
great denuding power of the sea is very distinct; for, 
from Cape St. Die^go, in lat. 54° 30' to the mouth of 
the Rio Negro, in lat. 31° (a length of more than 800 
miles), the shore is formed, with singularly few excep- 
tions, of Imld and naked cliffs: in many places the 
cliffs are high ; thus, south of the Santa Cruz, they are 
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between 800 and 900 feet in height, with their hori- 
z('>ntal strata abruptly cut off, showing the immense 
mass of matter wliich has been removed. Nearly this 
whole line of coast consists of a series of greater or 
lesser curves, the liorns of wliich, and likewise, certain 
straight projecting portions, are formed of hard rocks ; 
hence the concave jiarfs are evidently the effect and the 
measure of the denuding action on the softer strata. 
At the foot of all tbe cliffs, the sea shoals very gradually 
far outwards ; and the bottom, for a space of some 
miles, evervwliere consists of gravel. I carefully ex- 
amined the lied of the sea off llie Santa Cruz, and tound 
that its inclination was exactly tlio same, both in 
amount and in its pecidiar curvature, with that of the 
355 feet plain at the same place. If, therefore, the 
coast, with the bed of the adjoining sea^ 'were now sud- 
denly elevated 100 or 200 feet, an inland line of cliffs, 
that is an escarpment, wTinld bo ibrm('al, witli a gravel- 
capped plain at its had g<mtly sloping to tbe sea, and 
liaving an inclination like that of tbe existing 355 feet 
plain. From tb(‘ denuding teiuleney of tbe sea, this 
newly formed plain would in time be eaten back into a 
cliff: un<l rep(ditions of tliis (devatory and denuding 
process would produce a series of gravel-capped, sloping 
terraces, rising one above anotlujr, like those fronting 
tlie shores of Patagonia. 

The cliief difficulty (for there are other inconsider- 
able ones) on tliis view, is the fact, — as far as I (xan 
trust two continuous lines of soundings carefully taken 
between Santa Cruz and the Falkland Islands, and 
several scattered observations on this and other coasts, — • 
that the pebliles at the bottom of the sea quidkhj and 
regrihuiy decrease in size with the increasing depth 
and distance from the shore, whereas in tlie gravel on 
the sloping plains, no such decrease in size was per- 
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ceptible. The following table gives the average result 
of many soundings off the Santa Cruz : — 

UiKler two miles from the shore, maiiy of the pebbles were of largo 
size mingled with some small ones. 

Distance. Depth. j Size of Pobhlcs, 


8 to 4 mileti from the shore. 

11 to 12 fathoms. 

As largo m walnuts ; ininpled 
ill every case with some 
Binaller one.-? 

to 7 in Ilea 

do. 

17 to 19 

do. 

Aft lar^re as hazel nuts. 

10 to 11 miles 

do. 

23 to 25 

do. 

I'rojii thre»,' to four tentlift of 
an inch in diameter. 

12 miles 

do. 

30 to 40 

do. 

TwO'hjiiths of an Inch. 

22 to 150 miles 

do. 

45 to 6'5 

do. 

One-tenth of an inch, to the 
finest sand. 


I particularly attended to the size of the pebbles on 
the 355 fe(^t Santa Cruz plain, and I noticed that on 
the summit-edge of the present sea-cliffs many were 
as large as half of a man’s head ; and in crossing from 
these cliffs to the foot of the next highest escarpment, 
a distance of six miles, 1 could not observe any increase 
in their size. We shall presently see that the theory 
of a slow and almost insensible rise of the land, will 
explain all the facts connected with the gravel-capped 
terracc*s, better than the theory of sudden elevations of 
from one to two hundred feet, 

M. d'Orbigny has argued, from the upraised shells 
at ISan Bias being embedded in the positions in which 
they lived, and from the valves of the Azam labiata 
high on the banks of the Parana Inking united and un- 
rolled, that the elevation of Northern Patagonia and of 
La Plata must have been sudden; for he thinks, if it 
had been gradual, these shells would all have been 
rolled on successive beach-lines. But in pwtecied bays, 
such as in that of Bahia Blanca, wherevef the sea is 
accumulating extensive mud-banks, or where the winds 
quietly heap up sand-dunes, beds of shells might assuredly 
be preserved buried in the positions in which they had 
lived, even whilst the land retained the same level ; any, 
the smallest, amount of elevation would directly aid in 
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their preservation, I saw a multitude of spots in Bahia 
Blanca where this might have been efiFected; and at 
Maldonado it almost certainly has been effected. In 
speaking of the elevation of the land having been slow, 
I do not wish to exclude the small starts whicli accom- 
pany earthquakes, as on the coast of Chile; and by such 
movements beds of shells might easily be uplifted, even 
in positions exposed to a heavy surf, without undergoing 
any attrition : for instance, in 1835, a rocky flat off the 
island of Santa Maria was at one blow upheaved above 
high-water mark, and was left covered with gaping and 
putrefying mussel-shells, still attached to fhe bed on 
which they had liveti. If M. d'Orbigny had been aware 
of the many long parallel lines of sand-hillocks, with 
infinitely numerous shells of the Mactra and Venus, at 
a low level near the Uruguay ; if he had seen at Bahia 
Blanca the immense sand-dunes, with water-w^orn pebbles 
of pumice, ranging, in parallel lines, one behind tlie other 
up a height of at least 1 20 feet ; if he bad seen the sand- 
dunes, with the countless Paludestrinas, on the low plain 
near the Fort at this place, and tliat long line on the edge 
of the cliff, sixty feet higher up; if he had crossed that 
long and great belt of parallel sand-dunes, eight miles in 
width, standing at the heiglit of from forty to fifty feet 
above the Colorado, where sand could not now collect, — 
I cannot believe he would have thought that the eleva- 
tion of this great district had been sudden. Cert ainly the 
sand-dunes (especially when abounding with shells), 
which stand in ranges at so many different levels, must 
all have required long time for their accumulation ; and 
hence I do not doubt that the last 100 feet of elevation 
of La Plata and Northern Patagonia has been exceed- 
ingly slow. 

If we extend this conclusion to Central and Southern 
Patagonia, the inclination of the successively rising 
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gravel-capped plains can be explained quite as well, as 
by the more obvious view already given of a few com- 
paratively great and sudden elevations ; in either case 
we must admit long periods of rest, during which the 
sea ato deeply into the land. Let us suppose the 
present coast to rise at a nearly equable, slow rate, yet 
sufficiently quick to prevent the waves quite removing 
each part as soon as brought up ; in this case every 
portion of the present bed of the sea will successively 
form a beach-line, and from being exposed to a like 
action will be similarly affected. It cannot matter to 
what height the tides rise, even if to fiuty feet as at 
Santa Cruz, for they will act with equal force and in 
like maimer on each successive line. Hence there is 
no difficulty in the fact of the 355 feet plain at Santa 
Cruz sloping up 108 feet to the foot of the next highest 
escarpment, and yet having no marks of any one par- 
ticular beach-line on, it; for the whole surfece on this 
view has been a beach. I cannot pretend to follow out 
the precise action of the tidal waves during a rise of 
the land, slow, yet sufficiently quick to prevent or check 
denudation : but if it be analogous to what takes place 
on protected parts of th(^ present coast, where gravel is 
now accumulating in large quantities,^ an inclined 
surfaces, thickly capped by 'well-rounded pebbles of 
alx)ut the xSame size, would be ultimately left. On the 
gravel now accumulating, the waves, aided by the wind, 
sometimes throw up a thin covering of sand, together 
with tlie common coast-shells. Shells thus cast up by 
gales, w^ould, during an elevatory puiod, never again 
be touched hy the sea. Hence, on this view of a slow 
and gradual rising of the land, interrupted by periods 


* On tlifi oastern aiilo of Chiloe. which inland wc ahallacoin the next 
chapter is now risiucr, I ohsorvod that all the bcjiches and extensive 
tidal fiats were formed of shingle. 
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of rest and denudation, we can understand the peb’nles 
being of about the same size over the entire width of 
the step-like plains, — the occasional thin covering of 
sandy earth, — and the presence of broken, unrolled 
fragments of those shells, wliich now live exclusively 
near the coast. 

Siiiti'niarif of Results, — It may be concluded that 
the coast on this side the continent, for a space of at 
least 1,180 miles, has been elevated to a heiglit of 100 
feet in La Plata, and of 400 feet in Southern Patagonia, 
within the period of existing sliells, but not of existing 
xnammifers. That in La Plata tlie elevation has been 
very slowly effected : that in Pal agon ia the movement 
may have been by considerable starts, but much more 
probably slow and (piiet. In either case, there have 
been long intervening periods of comparative rest,^ 
during which the sea corroded deejjly, as it is still cor- 
roding, into the land. That tlie periods of denudation 
and elevation were contemporaneous and ecjuable over 
great spaces of coast, as shown by the equable heights 
of the plains ; that there have been at le*ist eiglit 
periods of denudation, and that tlie land, up to a height 
of from 950 to 1,200 feet, has been similarly modelled 
and affected : that the area elevated, in the southern- 
most part of the continent, extended in breadth to 
the Cordillera, and probably seaward to the Falkland 
Ishinds; that northward, in La Plata, the bn^adth is 
unknown, there having beem pro]>ably more* than one 
axis of elevation; and finally, that, anterior to the 
elevation attested by these upraised shells, tlie land was 
divided by a Strait where the river Santa Cruz now 

1 I say comparative and not ahsohUe rest, treauso the sea- acts, as wo 
have seen, with liermdmg power on this whole lino of coast; and 
therefore, chirin^; an elevation of the land, if excessively slow (and of 
course during a subsidence of the land), it is quite possible that lines of 
cHflf might be formed. 



CHAP, Till. Gravel Formation of Patagonia, 2 rg 


flows, and that farther southward there were other sea- 
straits, since closed. I may add, that at Santa Cruz, 
in lat. 50® S., the plains have been uplifted at least 
1,400 feet, since the period when gigantic boulders 
were transported between sixty and seventy miles from 
their parent rock, on floating icebergs. 

Lastly, considering the great upward movements 
which this long line of coast has undergone, and the 
proximity of its soiiihern half to the volcanic axis of 
the Cordillera, it is highly remarkable that in the many 
fine sections exposed in the Ihnnpean, Patagonian 
tertiary, and Boulder formations, I nowliero observed 
the smallest fault or abrupt curvature in the strata. 

Gravel Formation of Patagonia, 

I will here describe in more detail than has been as 
yet incidentally done, the natuie, origin, and extent of 
tlie great shingle covering' of Patagonia: but I do not 
mean to affirm that all of this shingle, especially that 
on the higher plains, belongs to the recent period. A 
thin bed of sandy earth, with small pebbles of various 
porphyries and of quart z, covering a low plain on the 
north side of the Eio ('olorado, is the extreme northern 
limit of this formation. These little pebbles have 
probably been derived from t!ie denudation of a more 
regular bed of gra^ el, capping the old tertiary sand- 
stone plateau of the Rio Negro. The giavel-bed near 
the Rio Negro is, on an average, about ten or twelve 
feet in thickness ; and tho pebbles are largj^r than on 
the northern side of the Colorado, being from one to 
two inches in diameter, and composed chiefly of rather 
dark-tinted porphyries. Amongst them I here first 
noticed a variety often to he referred to, namely, a 
peculiar gallstone-yellow siliceous porpliyry, frequentl}’, 
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but not invariably, containing grains of quartz. The 
pebbles are embedded in a white gritty calcareous 
matrix very like mortar, sometimes merely coating 
with a whitewash the separate stones, and sometimes 
forming the greater part of tlie mass. In one place I 
saw in the gravel concretionary nodules (not r{)unded) 
of crystallizt^d gypsum, some as large as a man’s h<?ad. 
I traced this bed for forty-five miles inland, and was 
assured that it extended far into t,he interior. As the 
surface of the calcar eo-argillaceous plain of Pampean 
formation, on the northern side of the wide valley of 
the Colorado, stands at about the same height with the 
mortar-like cemented gravel capping the sandstone on 
the southern side, it is probable, considering tlie appa- 
rent cquabifiiy of the subterranean movements along 
this side of America, t]]at this gravel of the Kio Negro 
and the upper l)eds of the Pampean formation north- 
ward of the Colorado, are of nearly contemporaneous 
origin, and that the calcareous matter has been derived 
from the same source. 

Southward of the Rio Negro, tlie cliffs along the 
great Imy of S. Antonio are capped with gravel : at San 
Josef, I found that the pebbles closely rosem])Ied those 
on the plain of the Rio Negro, but that they wore not 
cemented by calcareous matter. Between Sau Josef 
and Port Desire, I was assured by the Officers of the 
Survey that the whole fiice of tlie country is coated with 
gravel. At Port Desire and over a space of 1-wenty-five 
miles inland, on the three Kif*p-forrned plains and in the 
valleys, I everywhere passed over gravel which, where 
thickest, was Vietween thirty and forty feet. Here, as 
in other parts of Patagonia, the gravel, or its sandy 
covering, was, as we have seen, often strewed with re- 
cent marine shells. The sandy covering sometimes 
fills up furrows in the gravel, as does the gravel in the 
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underlying tertiary formations. The pebbles are fre- 
quently whitewashed and even cemented together by 
a peculiar, white, friable, aluminous, fusible, substance, 
which I believe is decomposed feldspar. At Port Desire, 
the gravel rested sometimes on the basal formation of 
porphyry, and sometimes on the upper or the lower 
denuded tertiary strata. It is remarkable that most 
of the porphyritic pebbles differ from those varieties of 
porpliyry wl)ich occur here abundantly in situ. The 
peculiar gallstone-yellow variety was common, but less 
numerous than at Port S. Julian, where it formed 
nearly one-third of the mass of gravel ; the remaining 
pirt there consisting of pale gray and greenish por- 
phyries with many crystals of feldspar. At Port S. 
Julian, I ascended one of the fliit-tapp^^d hills, the de- 
nuded remnant of the highest plain, and foimd it, at 
the height of 9o0 feet, capped with the usual bed of 
gra^^el. 

Near the mouth of the Santa Cruz, the bed of gravel 
on the 355 feet plain is from twenty to about thirty- 
live feet in thickness. The pebbles vary from minute 
ones to the size of a lien’s egg, and even to that of lialf 
a man’s head ; they consist of paler varieties of porphyry 
than those found farther northward, and there aie fewer 
of the gallstone-yellow kind ; pt'bbles of compact black 
clay-slate were here first observed. The gravel, as we 
have seen, covers the step-formed plains at the mouth, 
head, and on the sides of the great valley of the Santii 
Cruz. At a distance of 110 miles from the coast, the 
plain has risen to the height of 1,416 feet jibove the 
sea ; and the gi*avel, with the associated great boulder 
formation, has attained a thickness of 212 feet. The 
plain, apparently with its usual gravel covering, slopes 
up to the foot of the Cordillera to the height of between 
3,200 and 3,300 feet. In ascending the valley, the 
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gravel gradually becomes entirely altered in character : 
high up, we have pebbles of crystalline feldspathic rocks, 
compact clay-slate, quartzose schists and pale-coloured 
porphyries ; these rocks, judging both from the gigantic 
boulders in the surface and from some small pebbles 
embedded beneath 700 feet in thickness of the old 
tertiary stiata, are the prevailing kinds in this part of 
the Cordillera ; pebbles of basalt from the neighl)ouring 
streams of basaltic lava are also numerous; there are 
few or none of the reddish or of the gallstone-yell aw 
porph 3 ’^ries so common near the coast. Hence the 
pebbles on the 350 feet plain at the month of the Santa 
Cruz cannot hnve been derived (with tbe exception of 
those of compact clay-slate, winch, however, may e<(ually 
well have come from the south) from the Cordilhu'a in 
this latitude ; but probabl}^ in chief part, from farther 
north. 

Southward of tlie Santa. Cruz, the gravel may be 
seen continuously capping the great 840 feet p>lain : at 
the Eio Gallegos, where this plain is succeeded by a 
lower one, there is, as I am informed by Captain Suli- 
van, an irregular covering of gravel from ten to twtdve 
feet in thickness over the whole country. The district 
on each side of the Strait of ^lagellan is covered up 
either with gravel or the boulder formation : it was 
interesting to observe the marked difference ])etween 
the perfectly rounded state of the pebbles in the great 
shingle formation of Patagonia, and the more or less 
angular fragments in the boulder formation. The 
pebbles and frtigmcnts near the Strait of Magellan 
nearly all belong to rocks known to occur in Fuegia. 
I was therefore much surprised in dredging south of 
the Strait to find, in lat. 54'' K/ south, many pebbles 
of the gallstone-yellow siliceous porphyry ; 1 procured 
others from a great depth oflf Staten Island, and others 
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were brought me from the western extremity of the 
Falkland Islands.^ The distribution of the pebbles of 
this peculiar porphyry, which I venture to affirm is not 
found in sHai either in Fuegia, the Falkland Islands, 
or on the coast of Patagonia, is very remarkable, for 
they are found over a space of 840 miles in a north and 
soutli line, and at the Falklands, 300 miles eastward of 
the coast of Patagonia, Their occurrence in Fuegia 
and tlie Falklands may, however, perhaps be due to 
the same ice-agency by which the boulders have been 
there transjiorted. 

We have seen that porphyritic pebbles of a small 
size an' first met with on tlie northern side of the Eio 
ColoT*ado, tlie bed becoming well developed near the 
Eio Negro : from this latter point I have every niason 
t.o believe tluit the gravel extends uninterruptedly over 
the plains and valleys of Patagonia for at least 630 
nautical miles southward to the Rio Gallegos. From 
the slope of the plains, from the nature of the pebbles, 
from their extension at the Rio Negro far into the 
interior, and at the Santa Cruz close up to the Cor- 
dillera, I think it liighly probable that the whole breadth 
of Patagonia is thus covered. If so, the average width 
of the l)cd must be about 200 miles. Near tlui coast 
the grav('l is generally from ten to thirty feet in thick- 
ness; and as in tlie valley of Santa Cruz it attains, at 
some distance from the Cordillera, a thickness of 214 
feet, we may, I think, safely assume its average thick- 

* At. my roqnnst, Mr. Kent collcctei for mo a bag of pobblos from 
tho boacli of Whitt* Itock harbour, in tho northern part^ of the sound, 
between the two Falkland Islands. Out of these welbrouncled pebbles, 
varying in sizo from a ■walnut, to a hen’s egg, w'ith some larger, thirty'- 
eight e.vidf’ntly belonged to the rocks of these islands ; twenty -six 
■were similar to the peTibles of porphyry ftiund on tlio Patagonian plaiiis, 
which rocks do not exist in dtu in the Falklands ; one pebble belonged 
to tho peculiar yellow siliceous porphyry ; thirty were of doubtful 
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ness over the whole area of 630 by 200 miles, at fifty 
feet! 

The transportal and origin of this vast bed of pebbles 
is an interesting problem. From the manner in which 
they cap the step-formed plains, worn by the sea within 
the period of existing shells, their deposition, at least ^ 
on the plains up to a height of 400 feet, must have 
been a recent geological event. From the form of the 
continent, we may feel sure that they have come from 
the westward, probably, in chief part from the Cordillera, 
but, perhaps, partly from unknown rocky ridges in the 
central districts of Patagonia. That the pebbles have 
not been transported by rivers, from the interior towards 
the coast, we may conclude from the fewness and small- 
ness of the streams of Patagonia : moreover, in the ease 
of the one great and rapid river of Santa Cruz, we have 
good evidence that its transporting power is very trifling. 
This river is from 200 to 300 yards in width, about 
seventeen feet deep in its middle, and runs with a sin- 
gular degree of uniformity five knots an hour, with no 
lakes and scarcely any still reaches; nevertheless, to 
give one instance of its small transporting power, upon 
careful examination, pebbles of compact basalt could 
not be found in the bed of the river at a greater disf ance 
than ten miles below the point where the stream rushes 
over the debris of the great basaltic cliffs forming its 
shore ; fragments of the cellular varieties have been 
washed down twice or thrice as far. That the pebbles 
in Central and Northern Patagonia have not been trans- 
ported by ice-agency, as seems to have been the case to 
a considerable extent farther south, and likewise in the 
northern hemisphere, we may conclude, from the absence 
of all angular fragments in the gravel, and from the 
complete contrast in many other respects between the 
shingle and neighbouring boulder formation. 
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Looking to the gravel on any one of the step-formed 
plains, I oannot doubt, from the several reasons assigned 
in this chapter, that it has been spread out and levelled 
by the long-continued action of the sea, probably during 
the slow rise of the land. The smooth and perfectly 
rounded condition of the innumerable pebbles alone 
would prove long-continued action. But how the whole 
mass of shingle on the coast-plains has been transported 
from the mountains of the interior, is another and more 
difficult question. The following considerations, how- 
ever, show that the sea by its ordinary action has con- 
siderable power in distributing pebbles. A table has 
already l>een given, showing bow very uniformly and 
gradually^ the pebbles decrease in size with the gradu- 
ally seaward increasing depth and distance. A series 
of this, kind irresistibly leads to the conclusion, that 
the sea has the power of sifting and distributing the 
loose matter on its bottom. According to Martin 
White, ^ the bed of the British Channel is disturbed 
during gales at depths of sixty-three and sixty-seven 
fathoms, and at thirty fathoms, shingle and fragments 
of shells are often deposited, afterwards to be carried 
away again. Ground-swells, which are believed to be 


* I may mention, that at the distance of 150 miles from the Patagonian 
shore I carefully examined the minute-rounded particles in the sand, 
and found them to be fusible like the porphyries of the great shingle 
l>od. I could even distinguish particles of the gallstone-yellow por- 
phyry. It was interesting to notice how gradually the particles of 
white quartz increastKi, as we approached the Falkland Islands, which 
are thus constituted. In the whole line of soundings between these 
islands and the coast of Patagonia dead or living organic remains 
were most raire. Ou the relations between the depth olF water anil the 
nature of the bottom, see Martin White on * Soundings in the Channel,' 
pp. 4, 6, 175 : also Capt. Beechey's ‘Voyage to the Pacific/ chap, xviii. 

* ‘Soundings in Uie Channel/ jip. 4, 166. M. Sian states (‘Edin. 
New Phil. Jour,’ vol. xxxi. p. 246), tliat he found the sediment, at a 
depth of 188 metres, arranged in ripples of difierent degrees of fineness. 
There are some excellent discoasions on this and allied subjects in Sir 
H. De la Beche’s ‘ Tliooretical Besearches.’ 
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caused by distant gales, seem especially to affect the 
bottom: at such times, according to Sir R. Schom- 
burgk,^ the sea to a great distance round the West 
Indian Islands, at depths from five to fifteen fathoms, 
becomes' discoloured, and even the anchors of vessels 
have been moved. There are, however, some difficulties 
in understanding how the sea can transport pebbles 
lying at the bottom, for, from experiments instituted 
on the power of running water, it would appear that 
the currents of the sea. have not sufficient velocity to 
move stones of even moderate size : moreover, I have 
repeatedly found in the most exposed situations that 
the pebbles which lie at the bottom are eiienisted with 
full-grown living corallines, furnished with the most 
delicate, yet unbroken spines : for instance, in ten 
fathoms water off the iiUouth of the Santa Cruz, many 
pebbles, under half ^n inch in diameter, were thus 
coated with Flustracian zoophytes.* Hence we must 
conclude that these pibbles are not often violently dis- 
turbed: it should, h^ever, be borne in mind that the 
growth of coraliinejs is rapid. The view, propounded 
by Prof. Playfair, will, I believe, explain this apparent 
difficulty, — namely, that from the undulations of the 
sea tending to lift\ up and down pebbles or other loose 
bodies at the lx>ttopi, such are liable, when thus quite 
or partially raised, to be moved even by a very small 


* * Journal of Roj^al (jeograph. Soc.’ vol. v. p. 2.'). It appears from 
Mr, Scott RusselJ’s inva^tigations (see Mr. Murchison’s * Annivor. 
Address (xeolog, Soc.’ 184.% p. 40), that in waves of translation the 
motion of the particles of ivater is nearly as great at the bottom as at 
tlie top. j 

2 A pebble, one and a half inch square and half an inch thick, was 
given me, dredged up from twanty-seven fathoms depth off the western 
end of the Falkland Islands, ij^here the sea is remarkably stormy, and 
subject to violent tides. This pebble was encrusted on all sides by a 
delicate living coralline. IJ have seen many p<d)bles from depths 
between forty and seventy fattioms thus encrusted ; one from the latter 
depth off Cape Horn, / 
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for<5e, a little onwards. We can thus understand how 
oceanic or tidal curi'ents of no great strength, or that 
recoil movement of the bottom- water near the land, 
called by sailors the ‘ undertow’ (which I presume must 
extend out seaward as far as the breaking waves impel 
tlie surface-water towards the beach), may gain the 
power during stx>rras of sifting and distributing pebbles 
even of considerable size, and yet without so violently 
disturbing them as to injure the encrusting corallines J 
Tlie sea acts iu another and distinct manner in 
the distribution of pebbles, namely by the waves on the 
beach. Mr. Palmer,^ in his excellent memoir on this 
subject, has shown that vast masses of shingle travel 
with suiprising quickness along lines of coast, according 
to the direction with which the waves break on the 
beach, and that this is detennined by the prevailing 
direction of the winds. This agency must be powerful 
in mingling together and disseminating pebbles derived 
from different sources: we may, perhaps, thus under- 
stand tlie wide distribution of the gallstone-yellow 
porphyry ; and likewise, perhaps, the great difference in 
the nature of the pebbles at the mou,th of the Sant^ 


’ I may Uike this opportunity of remarkini? on a singular but very 
common character in the f(»rni of the bottom, iu tlie creeks which deeply 
penetrate the western shores of Tierra del Fuego ; namely, that they are 
almost invariably much Nhaliower close to the open sea at their mouths 
than inland. Thus, Cook, in entering Christmas Sound, first had 
soundings in thirty-seven fathoms, then in fifty, tbon in sixty, and a 
little farther in no bottom, with 170 fathoms. The sealers are so 
familiar with this fact, that they alw'ays look out for anchorjigc near 
the entrances of the creeks. See, also, on this subject, the * Voyage of 
the Adventure and Beagle,’ vol. i. p. 37/), and ‘Appendix,’ p. 313. This 
shoalness of the sea-channels near their entmnctis prol)%bly results from 
the quantity of sediment formed by the wear and tear of the outer rocks 
exposed to the full force of the open sea. I have no doubt that many 
lakes, for instance in Scotland, which are very deep W'ithin, and are 
separated from the soa apparently only by a trmit of detritus, wore 
origdiMiUy sea-channels with banks of ibis nature near their mouths, 
which have since been uph caved. 

* * Philosophical Transactions,’ 1834, p. r)76. 
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Cruz from those in the same latitude at the head of the 
valley, 

I will not pretend to assign to these several and 
complicated agencies their shares in the distribution of 
the Patagonian shingle; but from the several considera- 
tions given in this chapter, and I may add, from the 
frequency of a capping of gravel on teiiiaiy deposits in 
all parts of the world, as I have myself observed and 
seen stated in the works of various aiithors, I cannot doubt 
that the power of widely dispersing gravel is an ordinary 
contingent- on the action of the sea ; and that even in 
the case of the great Patagonian shingle-hed W'e have 
no occasion to call in the aid of debacles. I at one 
time imagined that perhaps an immense accumulation 
of shingle had originally been collected at the foot of 
the Cordillera ; and that this accumulation, when up- 
raised above the level of the sea, had been eaten into 
and pailially spread out (as off the present line of coast); 
and that the newly-spread out lied had in its turn been 
upraised, eaten into, and re-spread out; and so onwards, 
until the shingle, which was first accumulated in great 
thickness at the foot of the Cordillera, had reached in 
thinner beds its present extension. By whatever means 
the gravel formation of Patagonia may have been dis- 
tributed, the vastness of its area, its thickness, its 
superficial position, its recent origin, and the great 
degree of similarity in the nature of its pebbles, all 
appear to me well deserving the attention of geologists, 
in relation to the origin of the widely-spread b^s of 
conglomerate belonging to pasf. epochvS. 

Formation of CUffn . — When viewing the sea-worn 
cliffs of Patagonia, in some parts k^weon 800 and 900 
feet in height, and formed of horizontal tertiary strata, 
which must once have extended far seaward— or again, 
when viewing the lofty cliffs round many volcanic 
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islands, in which the gentle inclination of the lava- 
streams indicates the former extension of the land, a 
difBculty often occurred to me, namely, how the strata 
could possibly have been removed by the action of the 
sea at a considerable depth beneath its surface. The 
following section, which represents the general form of 
the land on the northern and leeward side of St. Helena 
(taken from Mr. Seal’s large model and various measure- 
ments), and of the bottom of the adjoining sea (taken 
chiefly from Captain Austin’s survey and some old 
charts), will show the nature of tbi& difficulty ; — 

Ko. 21. 

Section of Coast Cliffs and Bottom of Sea, off the Island of St. Helena. 

1, GOO feet 
atx)Te Bea. 



Vertical UTid liorizontal scale, two inches to a nautical mile. The point marked 
feet is at the foot of High Knoll; point marked 10 feet is on the edge of 
Ladder Hill. The strata consistb of basaltic Btreams. 


If, as seems probable, the basaltic streams were 
originally prolonged with nearly tbeir present inclina- 
tion, they must, as shown by the dotted line in the 
section, once have extended at least to a point, now 
covered by the sea to a depth of nearly thirty fathoms: 
but I have every reason to believe they extended con- 
siderably farther, fur the inclination of the streams is 
less near the coast than fiirtlier inland. It should also 
be observed, tliat other sections on the coast of this 
island would have given far more striking results, but 
I had not the exact measurements ; thus, on the wind- 
ward side, the cliffs are about 2,000 feet in heiglit and 
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the cut-off lava streams very gently inclined, and the 
bottom of the sea has nearly a similar slope all round 
the island. How, then, has all the hard basaltic rock, 
which once extended beneath the surface of the sea, 
been worn away ? According to Captain Austin, the 
bottom is uneven and rocky only to that very small 
distance from the beach within which the depth is from 
five to six fathoms ; outside this line, to a depth of 
about 100 fathoms, the bottom is smootli, gently in- 
clined, and formed of mud and sand ; outside the 100 
fathoms, it plunges suddenly into unfathomable dc^pths, 
as is so very commonly the case on all coasts where 
sediment is accumulating. At greater depths than the 
five or six fathoms, it seems impossible, under existing 
circumstances, that the sea can both have worn away 
hard rock, in parts to a thickness of at least 1 50 feet, 
and have deposited a smooth bed of fine sediment. 
Now, if we had any reason to suppose that St. Helena 
had, during a long jieriod, gone on slowly subsiding, 
every difficulty would be removed : for looking at the 
diagram, and imagining a fresh amount of subsidence, 
we can see that the waves would then act on tlie coa^st- 
cliffs with fresh and unimpaired vigour, whilst the 
rocky ledge near the beach would be carried down to 
that depth, at which sand and mud w^ould be deposited 
on its hare and uneven surface ; after the formation 
near the shore of a new rocky shoal, fresli subsidence 
would carry it down and allow it to he smootlily 
covered up. But in the case of the many cliff-bounded 
islands, for instance in some of the Canary Islands and 
of Madeira, round which the inclination of the strata 
shows tJiat the land once extended far into the depths 
of the sea, where there is no apparent means of bard 
rock being worn away — are we to suppose tliat all these 
islands have slowly subsided ? . Madeira, I may remark, 



CHAP, nn. Formation of Sea-Chff$. 231 

has, according to Mr* Smith of Jordah-hill, subsided. 
Are we to extend this conclusion to the high, cliff- 
bound, horizontally-stratified shores of Patagonia, off. 
which, though the water is not deep even at the dis- 
tance of several miles, yet the smooth bottom of pebbles 
gradually decreasing in size with the increasing depth, 
and derived from a foreign source, seem to declare that 
the sea is now a depositing and not a corroding agent ? 
I am much inclined to suspect, that we shall hereafter 
find in all such cases, that the land with the adjoining 
bed of the sea has in truth siibsided : the time will, I 
believe, come, when geologists will consider it as im- 
probable, that the land should have retained the same 
level during a whole geological period, as that the 
atmosphere should have remained absolutely calm 
during an entire season. 
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' CHAPTER IX. 

ON THE ELEVATION OF THE WESTERN COAST OF SOUTH 
AMERICA. 

CJionos ArchiprUigo — Cldloe, ret'ent and gradual elevation of, tradition,^ of 
the inhahitanti^ on this rndgect — Conerpaon^ earthquake and elevation 
<>/.*- Valparaiso, great devatvm of itpraiaed ahells, earth of marine 
origin, gradual rise of the land within the historical •peA(d, -—0oQ,viUTiiO, 
elevation of in recent times, terraces of marine origin, their inclination, 
their escarpments not horiconial — Gnasco, gravel terraces of — Copiapo. 
— PKHr— JJjfrraised shells of Cohija, Jgnique, and, Arica^-Lwia, shell • 
beds and s€ad)each on San Lorenso, Human remains, fossil earthm^ 
ware, earthquake debacle, recent subsidence — On the decay of upraised 
shells — General summary. 

Commencing at the south aud proceeding northward, 
the first place at which 1 landed, was at Cape Tres 
Montes, in lat. 46® S5\ Here, on the shores of Christ- 
mas Cove, I observed in several jdaces a beach of 
pebbles with recent shells, about twenty feet above 
high-water mark. Southward of Tres Montes (between 
lat. 47® and 48®), Byron ‘ remarks, ‘ we thonglit it very 
strange, that upon the summits of the higliest hills 
were found beds of shells, a foot or two thick.’ In the 
Chonos Archipelago, the island of Lemus (lat. 44® 30^) 
was, according to M. Coste,® suddenly elevated eight 
feet, during the earthquake of 1 839 ; he adds, ^ des 
roches jadis toiijours couvertes par la mer, restant 
aujourd’hui constamment decouvertes.’ In other parts 

* * Narrative of the Ix>es of the Waiter.’ 

* ‘ Comptes Kendiis/ October 1838, p. 706. 
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of this archipelago, I observed two terraces of gravel, 
abuttiBg to the foot of each other : at Lowe’s Harbour 
(43° 48'), under a great mass of the boulder formation, 
about 300 feet in thickness, I found a layer of sand, 
with numerous comminuted fragments of sea-shells, 
having a fresh aspect, but too small to be identitied. 

Tha. Island of Chiloe * — The evidence of recent 
elevation is here more satisfactory. Tlie bay of San 
Carlos is in most parts bounded by precipitous cliffs 
from about ten to forty feet in height, their bases 
being separated from the present line of tidal action 
by a talus, a few feet in height, covered with vegetation. 
In one sheltered creek (west of P. Arena) instead of a 
loose talus, there was a bare sloping bank of tertiary 
mudstone, perforated, above the line of the highest 
tides, by numerous shells of a Pliolas now common in 
tlie harbour. The upper extremities of these shells, 
standing upright in their holes with grass growing out 
of them, were abraded about a (piarter of an inch, to 
the same level with the surrounding worn strata. In 
other parts, I o})servod (as at Pudeto) a great beach, 
formed of comminuted shells, twenty feet above the 
present shore. In other parts, again, there were small 
caves worn into the foot of the low cliffs, and protected 
from the waves by the talus with its vegetation : one 
such cave which I examined, bad its mouth about 
twenty feet, and its bottom, which was filled with sand 
containing fragments of shells and legs of crabs, from 
eight to ten feet above high-water mark. From these 
several facts, and from the appearance of ^the upraised 
shells, I inferred that the elevation had been quite 
recent ; and on inquiring from Mr. Williams, the Port- 
master, he told me he w'as convinced that the land had 
risen, or the sea fallen, four feet within the last four 
years. During this period, there had been one severe 
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^satthquake, but no particular change of level was then 
observed ; from the habits of the people who all keep 
boats in the protected creeks, it is absolutely impossible 
that a rise of four feet could have taken place suddenly 
and been unperceived. Mr. Williams believes that the 
change has been quite gradual. Without the elevatory 
movement continues at a quick rate, there can be no 
doubt that the sea will soon destroy the talus of earth 
at the foot of the cliffs round tlie bay, and will then 
reach its former lateral extension, but not of course its 
former level : some of the inliabitants assured me, that 
one such talus, with a footpath on it, was even already 
sensibly decreasing in widtli. 

I received several accounts of beds of shells, existing 
at considerable heights in the inland parts of Chiloe ; 
and to one of these, near Catiman, I was guided by a 
countrj’man. Here, on the south side of the peninsula 
of Lacuy, there was an immense bed of the Venus 
costellata and of an oyster, lying on the summit-edge 
of a piece of table land, 350 feet (by the barometer) 
above the level of the sea. The shells were closely 
packed together, embedded in and covered by, a very 
black, damp peaty mould, two or three feet in thick- 
ness, out of which a forest of great trees was growing. 
Considering the nature and dampness of this peaty soil, 
it is surprising, that the fine ridges on the outside of 
the Venus are perfectly preserved though all the 
shells have a blackened appearance. did not doubt 
that the black soil, which, when dry, cakes hard, was 
entirely of terrestrial origin, but on examining it under 
the microscope, 1 found many very minute rounded 
fragments of shells, amongst which I could distinguish 
bits of serpuhe and mussels. The Venus costdlaia^ 
and the ostrea (0. edulis^ according to Captain King) 
are now the commonest shells in the adjoining bays. 
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In a bed of shells, a few feet below the 350 feet bed, I 
found a hom of the little Cervus hnmilis^ which now 
inhabits Chiloe. 

The eastern or inland side of Chiloe, with its many 
adjacent islets, consists of tertiary and lx>iilder deposits, 
worn into irregular plains capped by gravel. Near 
Castro, and for ten miles southward, and on the islet of 
.Lemuy, I found the siuface of the ground to a height 
of between twenty and tliirty feet above high-water 
mark, and in several places apparently up to fifty feet, 
thickly coated by much comminuted shells, chiefly of 
the Venus costellata and My til as Chiloe rts Is; the 
species now most abundant on this line of coast. As 
the inhabitants carry immense numbers of these shells 
inland, the continuity of the bed at the same height 
was often the only means of recognising its natural 
origin. Near Castro, on each side of the creek and 
rivulet of the Gamboa, three distinct terraces are seen : 
the lowest was estimated at about 150 feet in height, 
and the highest at about 500 feet, with the country 
irregularly rising behind it; obscure traces, also, of 
these same terraces could be seen along otlier parts of 
the coast. There can l>e no doubt that their three 
escarpments record pauses in the elevation of the 
island. I may remark that several promontories have 
the word Huapi, which signifies in the Indian tongue, 
island, appended to them, such as Huapilinao, Huapi- 
lacuy, Caucahuapi, etc. ; and these, according to Indian 
traditions, once existed as islands. In the same manner 
the term Pulo in Sumatra is appended ^ td the names 
of promontories, traditionally said to have been islands; 
in Sumatra, as in Chiloe, there are upraised recent 
slvells. The Bay of Carelmapu, on the mainland north 


‘ Marsduife ‘Sumatra/ p, 31. 
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of Chiloe, according to Aguerros,’ was in 164^ a good 
harbour ; it is now quite useless, except for boats. 

Valdivia . — I did not observe here any distinct proofs 
of recent elevation ; but in a bed of very soft sandstone, 
forming a fringe-like plain, about sixty feet in height, 
round the hills of mica-slate, there are shells of Mytilus, 
Crepidiila, Solen, Novaculina, and Cythenea, too im- 
perfect to be specifically recognised. At Imperial, 
seventy miles north of Valdivia, Agiienros ® slates that 
there are large beds of shells, at a considerable distance 
from the coast, which are burnt for lime. The island 
of Mocha, lying a little north of Imperial, was uplifted 
two feet 5 ^ during the earthquake of 1835. 

ConGepeioH. — I cannot add finything to the excellent 
account by Captain FitzRoy^ of the elevation of the 
land at this place, which accompanied the earthquake 
of 1835. I will only recall to the recollection of 
geologists, that the southern end of the island of St. 
Alary was uplifted eight feet, the central part niiH‘, and 
the northc^rn end ten feet ; and the whole island more 
than the surrounding districts. Cireiit beds of mussels, 
patellae, and chitons still adhering to the rocks were 
upraised above higli-water mark ; and some acres of a 
rocky flat, which was formerly always covered by the 
sea, was left standing dry, an<l exhaled an offensive 
smell, from tlie many attached and putrtjfying shells. 

* ‘Dcscripoion Hist. d« la Provincia de Chiloe/ p. 78. Prom tho 
account given by the old Spanish writers, it would appear that several 
other harbours, between this point and Concepcion, were formerly much 
deeper than they now are. 

* ‘ Descripc. Hist.’ p. 25. 

* ‘Voyages of Adventure and Beagle,' vol. ii. p. 415. 

* Ibid, vol, ii. p. 412 ei* tteq. In vol. v. (p. (JOl) of the ‘ Geological 
Transiictions,’ I have given an account of the remarkable volcanic 
phenomena, which accompanied this earthrjuake. These phenomena 
appear to me to prove that the action, by which large tracts of land 
are uplifted, and by which volcanic eruptions are produced, is in every 
Respect identical. 
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It appears from the researches of Capt. FitzEoy that 
both the island of St. Mary and Concepcion (which was 
uplifted only four or five feet) in the course of some 
weeks subsided, and lost part of their first elevation* 
I will only add as a lesson of caution, that round the 
sandy shores of the great Bay of Concepcion, it was 
most difficult, owing to the obliterating effects of the 
great accompanying wave, to recognise any distinct 
evidence of this considerable upheaval ; one spot must 
excepted, where there was a detached rock which 
before the earthquake had always been covered by the 
sea, but afterwards was left uncovered. 

On the island of Quinquina (in the Bay of Concep- 
cion), I found, at an estimated height of 400 feet, 
extensive layers of shells, mostly comminuted, but some 
perfectly preserved aud closely packed in black vege- 
table moidd; they consisted of Concholepas, Fissurella, 
Mytilus, Trochus, and Balanus. Some of these layers 
of shells rested on a thick bed of bright-red, dry, friable 
earth, capping the surface of the tertiary sandstone, 
and extending, as I observed whilst sailing along the 
coast, for 150 miles southward : at Valparaiso, we shall 
presently see that a similar red earthy mass, though 
quite like terrestrial mould, is really in chief part ot 
recent marine origin. On the flanks of this island of 
Quiriquina, at a less height than the 400 feet, there 
were spaces several feet square, thickly strewed with 
fragments of similar shells. During a subsequent visit 
of the Beagle to Concepcion, Mr. Kent, the assistant- 
surgeon, was so kind as to make for me some measure- 
ments with the barometer : he found many marine 
remains along the shores of the whole bay, at a height 
of about twenty feet ; and from the hill of Sentinella 
behind Talcabuano, at the height of 160 feet, he col- 
lected numerous shells, packed together close beneath 
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the surface in black earth, consisting of two species 
of Mytilus, two of Crepidula, one of Concholepas, of 
Fissurelhi, Venus, Mactra, Turbo, Monoceros, and the 
Balanvs psittacus. These slrells were bleached, and 
within some of the Bahmi other Balani w-eve growing, 
showing that they must have long lain dead in the sea. 
The above species I compared with living ones from 
the ba}' , and found them identical ; but having since 
lost the specimens, I cannot give their names : this is 
of little importance, as Mr. Broderip lias examined a 
similar collection, made during Capt. Beecliey’s exyiedi- 
tion, and ascertained that they consisted of ten recent 
species, associated wuth fragments of Echini, crabs, and 
Flustra'; some of these remains were estimated by 
Lieut. Belcher to lie at the heiglit of nearly a 1,()00 feet 
above the level of the sead In some places round the 
liay, Mr. Kent observed tliat there were beds formed 
exclusively of the MyiUuit Chiloensw : this species now 
lives in parts never uncovered by the tides. At con- 
siderable heights, Mr. Kent found only a few she?> ; 
but from the summit of one hill, 625 feet high, he 
brought me specimens of the Concholepas, Mytilus 
Chiloansw^ and a Turbo. These shells w^ere softer and 
more brittle than those from the heiglit of 164 feet ; 
and these latter had obviously a much more ancient 
appearance than the same species from th(j height of 
only twenty feet. 

Coast noHh of Concepclon.--The first point exam- 
ined was at the mouth of the Kapel (160 miles N. of 
Concepcion and sixty miles S. of Valparaiso), where I 
observed a few shells at the height of 100 feet, and 
some barnacles adhering to the rocks three or four feet 
above the highest tides : M. (lay ^ found here recent 

* ‘ Zoology of Capt. Beechey’s Voyage*,’ p. 1C2. 

* « Aunales dcs Scienc. Nat.’ Avril 
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sheik at the distance of two leagues from the shore. 
Inland there are some wide, gravel-capped plains, inter- 
sected by many broad, flat-bottomed valleys (now carry^ 
ing insignificant streamlets) with their sides cut into 
successive wall-like escarpments, rising one above 
another, and in many places, according to M. Gay, 
worn into caves. The one cave (C. del Obispo) which 
I examined, resembled those formed on many sea-coasts, 
with its l>ottom filled with shingle. These inland 
plains, instead of sloping towards the coast, are inclined 
in an opposite direction towards the (Cordillera, like the 
successively rising terraces on the inland or eastern side 
of Chiloe : some points of granite, which project through 
the plains near the coast, no doubt once formed a chain 
of outlying islands, on the inland shores of which 
the plains were accumulated. At Bucalemu, a few 
miles northward of the Itapel, I observed at tlie foot 
and on the summit-edge of a plain, ten miles from the 
coast, many recent shells, mostly comminuted, but 
some perfect. There were, also, many at the bottom of 
the great valley of the Maypu. At San Antonio, shells 
are said to be collected and burnt for lime. At the 
bottom of a great ravine (Quebrada Onda, on the road 
to Casa BLinca), at the distance of several miles from 
the coast, 1 noticed a considerable bed, composed exclu- 
sively of MesoiUsvui (hnacifor^m^ Desh., lying on a 
bed of muddy sand : this shell now lives associated 
together in great numbers, on tidal flats on tlie coast of 
Chile. 

Val;paramx ^ 

During two successive years I carefully examined, 
part of the time in company with Mr. Alison, into all 
the facts connected with the recent elevation of this 
neighbourhood. In very many parts a beach of broken 
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shells, about fourteen or fifteen feet above high-water 
mark, may be observed ; and at this level the coast- 
rocks, where precipitous, are corroded in a band. At 
one spot, Mr. Alison, by removing some birds’ dung, 
-found at this same level barnacles adhering to the rocks. 
For several miles southward of the bay, almost every 
flat little headland, between the heights of 60 and 230 
feet (measured by the barometer), is smootldy coated 
by a thick mass of comminuted shells, of the same 
species, and apparently in the same proportional num- 
bers with those existing in the adjoining sea. The 
Concholepas is much the most abundant, and the best 
preserved shell ; but I extracted perfectly preserved 
specimens of the Fwsurdla biradiata^ a Trochus and 
Balamis (both well known, but according to Mr. Sowerby 
yet unnamed) and parts of the Mytilui^ Chiloensis. 
Most of these shells, as well as an encrusting Nullipora, 
partially retain their colour; but they are brittle, and 
often stnined red from the underlying brecciated mass 
of primary rocks ; some are packed together, either in 
black or reddish mould ; some lie loose on the bare 
rocky surfaces. The total numlxjr of these shells is 
immense ; they are less numerous, though still far from 
rare, up a height of 1,000 feet above the sea. On^the 
summit of a hill, measured 557 feet, there was a small 
horizontal band of comminuted shells, of which many 
consisted (and likewise from lesser heights') of very 
young and small specimens of the still living Con- 
cholepas, Trochus, I^atellae, Crepiduljc, and of Mytilus 
Magellanicus (?) : * several of these shells were under 
a quarter of an inch in their greatest diameter. My 


* Mr. Cuming informs me that he does not think this species 
identical with, though closely resembling, the true M. Magdknimt^ of 
the southern and eastern coast of South America ; it lives abundantly 
on the coast of Chile. 
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attention was called to this circumstance by a native 
fisherman, whom I took to look at these shell-beds ; 
and he ridiculed the notion of such small shells having 
been brought up for food ; nor could some of the species 
have adhered when alive to other larger shells. On 
another hill, some miles distant, and 648 feet high, I 
found shells of the Concholepas and Trochus, perfect, 

. though very old, with fragments of Mytilus Chiloensis^ 
all embedded in reddish-brown mould : I also found 
these same species, with fragments of an Echinus and 
of Balanvs jmUiurus^ on a hill 1,000 feet high. Above 
this height, shells became very rare, though on a hill 
1,300 feet high,' I collected the Concholepas, Trochus, 
Fissurella, and a Patella. At these greater heights the 
shells are almost invariably embedded in mould, and 
sometimes are exposed only by tearing up bushes. 
These shells obviously had a very much more ancient 
appearance than those from tlie lesser heights ; the 
apices of the Trochi were often worn down ; the little 
holes made by burrowing animals were greatly en- 
larged ; and the Concholepas was often perforated quite 
through, owing to the inner plates of sBell having 
scaled off. 

Many of these shells, as I have said, were pjicked in, 
^ and, were quite filled wdth, blackish or reddish-brown 
earth, resting on the granitic detritus. I did not doubt 
until lately that this mould was of purely terrestrial 
origin, when with a microscope examining some of it 
from the inside of a Concholepas from the height of 
about 100 feet, I found that it w'^as in considerable part 
composed of minute fragments of the spines, mouth- 
l>ones and shells of Echini, and of minute fragments, 

* Measured by the barometer: the highest point in the range 
behind Valparaiso I found to be 1,626 feet above the level of the 
sea. 


U 
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of chiefly very young Patellae, Mytili, and other species, 
I found similar microscopical fragments in earth filling 
up the central orifices of some large Fissurellje. This 
earth when crushed emits a sickly smell, precisely like 
that from garden-mould mixed with guano. The earth 
accidentally preserved within the shells^ from the gi-eater 
heights, has the same general appearance, but it is a 
little redder ; it emits the same smell when rubbed, but 
I was unable to detect with certainty any marine remains 
in it. This earfh resembles in general appearance, as 
before remarked, that capping the rocks of Quiriquina 
in the Bay of Concepcion, on which beds of sea-shells 
lay, I have, also, shown that the black, peaty soil, in 
which the shells at the height of 350 feet at Chiloe 
were packed, contained many minute fragments of 
marine animals. These facts appear to me interesting, 
as they show that soils, which would naturally be con- 
sidered of purely terrestrial nature, may owe their origin 
in chief part to the sea. 

Being well awg^re from what I have seen at Chiloe 
and in Tierra del Fuego, that vast quantities of shells 
are carried*, during successive ages, far inland, where the 
inhabitants chiefly subsist on these productions, I am 
bound to state that at greater heights than 557 feet, 
where the number of very young and small shells proved 
that they had not teen carried up for food, the only 
evidence of the shells having been naturally left by the 
sea, consists in their invariable and uniform appearance 
of extreme antiquity — in the distance of some of the 
places from the coast, in others being inaccessible from 
the nearest part of the beach, and in the absence of 
fresh water for men to drink — in the shells not lying 
in heaps^ — and, lastly, in the close similarity of the 
soil in which they are embedded, to that which lower 
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down can be unequivocally shown to be in great part 
formed from the debris of the sea animals.' 

With respect to the position in which the shells lie, 
I was repeatedly struck here, at Concepcion, and at 
other places, with the frequency of their occurrence on 
the summits and edges either of separate hills, or of 
little flat headlands often terminating precipitously 
over the sea. The several above-enumerated species of 
Mollusca, which are found strewed on the surface of 
the land from a few feet above the level of the sea up 
to the height of 1 ,300 feet^ all now live either on the 
beach, or at only a few fathoms’ depth : Mr. Edmonston, 
in a letter to Prof^ E. Forbes, states that in dredging 
in the Bay of Valparaiso, he found the common species 
of Concholepas, Fissiirella, Trochus, Monoceros, Chi- 
tons, &c. living in abundance from the beach to a depth 
of seven fathoms ; and dead shells occurred only a few 
fathoms deepc^r. The common Twrritella cingnlata 
was drwiged up living at even from ten to fifteen 
fathoms ; but this is a species which I did not find here 
amongst the upraised shells. Considering this fact of 
the species being all littoral or sub-littoral, considering 
their occurrence at various heights, their vast numbers, 
and their generally comminuted state, there can l)e 
little doubt tli^t tliey were left on successive beach-lines 


‘ In the ‘Procotidinj^s of the Geolo^j. vol. ii. p, 446, I have 
given a brief account of the upraised shells on the (‘oast of Chile, and 
have there stated that the proofs of elevation are not satisfactoiy above 
the height of 230 feet. 1 had at that time unfortunately overlooked a 
separate page -written during njy stxjond visit to Valparaiso, describing 
the shells now in my possession from the 557 feet hill; I ha(4 not then 
unpacked niy collections, and had not reconsidered the obvitms ^'^pear- 
ance of greater antiquity of the shells from the greater heh ’ nor had 
1 at, that time discoverwi the marine origin of the eartli in -which many 
of the shells are packed. Considering these facts, I do not now feel a 
shadow of doubt that the shells, at the height of 1,300 feet, have been 
upraised by natural causes into their present position. 
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during a gradual elevation of the land. The presence^ 
however, of so many whole and perfectly preserved 
shells appears at first a diflSculty on this view, consider- 
ing that the coast is exposed to tlie full force of an 
Open ocean : but we may suppose, either that these 
shells were thrown during gales on flat ledges of rock 
just above the level of high-water mark, and that 
during the elevation of the land they were never again 
touched by the waves, or, that during earthquakes, such 
as those of 1822, 183a, and 1837, rocky reefs covered 
with marine-animals were at one blow uplifted above 
the future reach of the sea. This latter explanation is, 
perhaps, the most probable one with .respect to t he beds 
at Concepcion entirely composed of the Mfitilv^ Chi'- 
loensiSf a species which lives below the lowest tides ; 
and likewise with respect to the great })eds, occurring 
both north and south of Valparaiso, of the MesotUsnia 
dmiacifovms , — a shell which, as I am informed by Mr* 
Cuming, inbabiis sand-banks at thf‘ level of the lowest 
tides. But even in the case of shells having the liabits 
of this Mytilns and Mesodesma, be^ds of them, wherever 
the sea gently throws up sand or mud, and thus protects 
its own accumulations, miglit be upraisf^i by tht? slowest 
movement, and yet remain undisturbed by tlie waves of 
each new Ijeach-line. 

It is worthy of remark, that nowhere near Valparaiso 
alx>ve tlie height of twenty feet, or rarely of fifty fi^et, 
I saw any lines •of erosion on the solid rocks, or any 
beds of pebbles ; this, I believe, may b(‘ ac(‘ountod for 
by the disintegrating tendency of most of the rocks in 
this neighbourhood. Nor is the land here modelled 
into terraces-* Mr. Alison, however, informs me, that 
on both sides of one narrow ravine, at the height of 
300 feet above the sea, he found a succession of rather 
indistinct step-formed beaches, composed of broken 
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shells, which together covered a space of about eighty 
feet vertical. 

I can add nothing to the accounts already published 
of the elevation of the land at Valparaiso,* which ac- 
companied the earthquake of 1822: but I heard it 
confidently asserted, that a sentinel on duty, immedi- 
ately after the shock, saw a part of a fort, which pre- 
viously was not within the line of his vision, and this 
Avould indicate that the uplifting was not horizontal ; 
it would even appear from some facts collected by Mr. 
Alison, that only the eastern half of the bay was then 
elevated. Through the kindness of this same gentle- 
man, I am able to give an interesting account of the 
changes of level, which have supervened here within 
histori(^al periods : about the year 1680 a long sea-wall 
(or Pretil) was built, of which only a few fragments 
now reniiiin ; up to the year 1817, the sea often broke 
over it, and washed the houses on the opposite side of 
the road (where the prison now stands) ; and even in 
1819, Mr. .1. Martin remembers w'ulking at the foot of 
this wall, and being often obliged to cdimb over it to 
escape the waves. There now stands (1834) on the 
seaward side of tliis wall, and Ixdween it and the beach, 
in one part a single row of ho\ises, and in another part 
two rows with a street between them. This great 
t^xtension of the beach in so short a time cannot te 
attributed simply to the accumulation of detritus; for 
a resident engineer measured for me the height between 
the lowest part of the wall visible, and the present 
be^K'h-line at spring-tides, and the difference wfe eleven 
feet six inches. The church of S. Augustin is believed 
to have been built in 1(514, and there is a tradition that 

' Dr. IVTcven (‘ Keise urn Erilo,’ Th. I. b. 221) found in 1831 Bea- 
and oth<»r bodi«« «tiU adhering to some rocks which during tho 
shock of 1822 were lifted abore the sea. 
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the sea formerly flowed very near it ; by levelling, its 
foundations were found to stand nineteen feet six inches 
above the highest beach-line ; so that we see in a period 
of 220 years, the elevation cannot have been as much 
as nineteen feet six inches. From the facts given with 
respect to the sea-wall, and from the testimony of the 
elder inhabitants, it appears certain that the change in 
level began to be manifest about the year 1817. The 
only sudden elevation of which there is any record 
occurred in 1 822, and this seems to have been less than 
three feet. Since that year, I was assured by several 
competent observers, that part of an old wreck, which 
is firmly embedded near the beach, has sensibly 
emerged ; hence hei*e, as at Chiloe, a slow rise of the 
land appears to be how in progress. It seems highly 
probable that the rocks which are corroded in a band 
at the height of fonrteen feet above the sea were acted 
on during the jK^riod, when by tra<iition the base of 
S. Augustin church, now nineteen fo»t six indies above 
the highest water-mark, was occasionally washed by 
the waves. 

Valparaiso to Coquirnho, — For the first seventy- 
five miles north of Valparaiso I followed the eoast-i-oad, 
and throughout this space I observed innumerable 
masses of upraised shells. About Quintero there are 
immense accumulations (worked for lime) of the 
clesma donaciformej packed in sandy earth, they al>ound 
chiefly about fifteen feet above liigli-water, but sliells 
'are here found, according to Mr. Sliers,^ to a height of 
500 feet, and at a distance of three leagues from the 
coast : I here noticed barnacles adhering to the rocks 
three or four feet above the highest tides. In the 

» ‘TwvoJ« in Chile/ roL i. pp. 458, 895. I received several sinnlar 
accotinte from the inhabitants, and was assured tluit there are many 
shells on the plain of Casa Blanca, between Valparaiso and Santiago, at 
the height of 800 feet. 
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neighbourhood of Plazilla and Catapilco, at height® of 
between 200 and SOO feet, the number of comminuted 
shells, with some perfect ones, especially of the Meso- 
desma, packed in layers, was truly immense : the land 
at Plazilla bad evidently existed as a bay, with abrupt 
rocky masses rising out of it, precisely like the islets in 
the broken bays now indenting this coast. On both 
sides of the rivers Ligua, Longotomo, Gruachen, and 
Quiliinari, there are plains of gravel about 200 feet in 
height, in many parts absolutely covered with shells. 
Close to Conclialee, a gravel-plain is fronted by a lower 
and similar plain about sixty feet in height, and this 
again is separated from the beach by a wide tract of 
low land : tlie surfaces of all three plains or terraces 
were strewed with vast numbers of the Concholepas, 
Mesodosiria, an existing Venus, and other still existing 
littoral shells. The two upper terraces closely resemble 
in miniature the plains of Patagonia ; and like them 
are furrowed by dry, flat-bottomed, winding valleys. 
Northward of this place I turned inward ; and therefore 
found no more shells : l)ut the valleys of Chuapa, lllapel, 
and Limari, are bounded by gravel-capped plains, often 
including a lower terrace within. These plains send 
bay-like arms between and into the surrounding hills ; 
and they are continuously imited with other extensive 
gravel-capped plains, separating the coast mountain- 
ranges from the Cordillera. 


Coqnunho. 4. 

A narrow fringe-like plain, gently inclined towards 
the sea, here extends for eleven miles along the coast, 
with arms stretching up between the coast-mountains, 
and likewise up the valley of Coquimbo : at its southern 
extremity it is directly connected with the plain of 
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Limari, out of which hills abruptly rise like islets, aud 
other hills project like headlands on a coast. The 
surface of the fringe-like plain appears level, but diffeii? 
insensibly in height, and greatly in composition, in 
different parts. 

At the mouth of the valley of Coquimbo, the surface 
consists wliolly of gravel, and stands from 300 to 350 
feet above the level of the sea., being about 100 feet 
higher than in other parts. In these other and lower 
parts, tlie superficial beds consist of calcareous matter, 
and rest on ancient tertiary deposits hereafter to be 
described. The uppermost calcareous layer is cream- 
coloured, compact, smooth-fractured, sub-stalactiform, 
and contains some sand, earthy matter, and recent shells. 
It lies on, and sends wedge-like veins into,^ a much 
more friable, calcareous, tuff-like variety; and both 
rest on a mass al)Out twenty fc*et in thickri<,*ss, formed 
of fragments of recent shells, with a few wbcde ones, 
and witli small pebbles firmly cemented together. This 
latter rock is called by the inhabitants and is used 
for building ; . in many parts it is dividend into strata, 
which dip at an angle of ten degrees seaward, and ap- 
pear a.s if they had originally been heaped in successive 
layers (as may be seen on coral-reefs) on a steep beacli. 
This stone is remarkable from being in parts entirely 
formed of emptys pellucid capsules or cells of calcareous 
matter, of the size of small seeds : a series of specimens 
unequivocally showed that all tliese cap.Miles once con- 
tained minute rounded fragments of shells which have 


* In many ronpeets tblH upper hard, and the underlying more 
friable rarieties, resemido the great supf-rfieial beds at King (ieorges 
Sound in Australia, -which 1 liare described in Chapter VIL p. 1(U. 
There could he little doubt tliiit tlie tippT layers there have l>een 
hardened by the action of rain on the friable oalcareouH matter, and 
that the whole mass has originated in the decay of minutely commi-» 
nuted seu'shells and corals. 
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since been gradually dissolved by water percolating 
through the mass.^ 

The shells embedded in the calcareous beds forming 
the surface of this fringe-like plain, at the height of 
from 200 to 250 feet above the sea, consist of, 

1 . Venus <>pam. 6. Monooeros costa turn. 

2. IVlulinia Byronensis. 7. Concholepas Peruriaua. 

3. Pecteu ))urpamt,us. 8. Troclxus (common Valpa- 

4. Mesodcsmu donaci forme. raiso species). 

5. Turritella cingulata. 9. Calyptryea Byronensis. 

Although these species are all recent, and are all 
found in tlie neighbouring sea, yet I was particularly 
struck with the difference in the proportional numbers 
of the several species, and of those now cast up on the 
present beach. 1 found only one specimen of tlie Con- 
cliolepas, and the Pecten was very rare, though both 
these shells arc now the commonest kinds, with the 
exception, perhaps, of the Cali/j)trcea radicubs^ of which 
I did not find one in the calcareons beds. I will not 
protend to determine how far this difference in the 
proportional nurtibcTS depends on the age of the deposit, 
and lipw far on the difference in nature bet.Aveen the 
present sfindy beaches and the calcareous bottom, on 
whicli tlie embedded shells must have lived. * 

On the bare surface of the calcareous plain, or in a 
thin covering of sand, there were lying at a height from 
200 to 252ffeet, many recemt shells, whicli had a much 
fresher appearance than the embedded ones : fragments 
of the Concholepas, and of the common Mytilus, still 
retaining a tinge of its colour, were numerous, and 
altogether there was manifestly a closer j^proacb in 
proportional numbers to those now lying on the beach. 
In a mass of stratified, slightly agglutinated sand, which 
in some places covers up the lower half of the seaward 

‘ I hare already had occasion to describe this rock in Chapter VII. 
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escarpment of the plain, the included shells appeared to 
be in exactly the same proportional numbers with those 
on the beach* On one side of a steep-sided ravine, 
cutting through the plain behind Herradura Bay, I 
observed a narrow strip of stratified sand, containing 
similar shells in similar proportional numbers : a section 
of the ravine is represented in the following diagram, 
which serves also to show the general composition of the 
plain. I mention this case of the ravine chiefly because 
without the evidence of the marine shells in the sand, 
any one w^ould have sup])osed tliat it had been hollowed 
out by simple alluvial action. 


No. 22. 


S<M3tion of Plain of CoqulmlM). 


Surfftoe of ploin 252 feet above Hi'u. R 



A. Stratified sand, with rewnt shells in same proportions as on the l)ej{th, half filling 
up a ravine, 

R. Surface of plain with scattered shells In nearly «amc proportions as on tlv’ 1 

O. UiiiK.’i’ < ■ reoufl bed, ) with Jec<"nt ftlu'Us, but not in same projwir- 

T), Lower C4Jkytreons sandy Vx^fi (Losa), f tions as on the iH^ach. 

E. T,'pj»er ferr ’ cly old tertiary stratum, | with all, or nearly all, extinct 

P. Lower old tertiary stratum, ] 


ITie. escarpment of the fringe-like plain, which 
stretches for (*leven miles along tin? coast, .is in some 
parts fronted by two or three narrow, st^^p-fonned ter- 
races, one of wdiich at Herradura Bay expands into a 
small plain. Its surface was there formed of gravel, 
cemented together by calcareous matter ; and out of it 
I extracted the following recent shells, w'hieh are in 
a more perfect condition than those from the up})er 
plain : — 
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3 , OaIyptr«a radians, 9. Ampbideema mgulomim. The 

2. Tnrritella cingulata, small irregular wrinkles of the 

8. Oliva Perunana, posterior part of this shell are 

4, Murex labiosus, var. rather stronger than in the 

6. Nassa (identical with a living recent specimens of this species 

species). from Ooquirabo. (G. B. 

6. Solen l)ombeiana. Sowerbj.) 

7. Pocten purpuratus. 10. Balanus (idonticfil with living 

8. Venus Chilensis. species). 

On the syenitic ridge, which forms the southern 
hoimdaiy of Herradura Bay and Plain, 1 found the 
Concholepas and Tnrritella cingulata (mostly in frag- 
ments), at the heiglit of 242 feet above the sea, I could 
not have told that these shells had not formerly been 
brought up by man, if I had not found one very small 
mass of them cemented together in a friable calcareous 
tuff. T mention this fact more particularly, because I 
cajefully looked, in many apparently favourable spots, 
at lesser heights on the side of this ridge, and could not 
find even the smallest fragment of a shell. This is only 
one instance out of many, proving that the absence of 
sea-shells on the surface, though in many respects inex- 
plicable, is an argument of very little weight in opposi- 
tion to other evidence on the recent elevation of the 
land. The higliest point in this neighbourhood at which 
I found upraised shells of existing species was on an 
inland calcareous plain, at the height of 252 feet above 
the sea.. 

It would appear from Mr. Caldclengh’s researcljes,^ 
that a rise lias taken place here within the last century 
and a half ; and avs no sudden change of level has been 
observed during the not very severe earthquakes, which 
have occasionally occurred here, the rising Inife probably 
been slow, like that now* or quite lately, in progress at 
Chiloe and at Valparaiso : there are three well-known 
rocks, called the Pelicans, which in 1710, according to 


' * Proceedings of the Qeologictil Society,’ vol. ii. p. 446. 



i»i.KT n. 


252 Elevaiioft of Coqtdmbo, 

Feiiille.e, were a flew cVeau^ but now are said to stand 
twelve feet above low-water mark : the spring-tides rise 
here only five feet. There is another rock, now nine 
feet above high-water mark, which in the time of Frezier 
and of Feuillee rose only five or six feet out of water. 
Mr. Caldeleiigh, I may add, also shows (and I received 
similar accounts) that there hiis been a considerable 
decrease in the soundings during tlie last twelve years 
in the Hays of Coqiiimbo, Concepcion, Valparaiso, and 
Giiasco ; but as in these cases it is nearly impossible to 
distinguish Ijetween the accumulation of sediment and 
the iiplieaveinent of the bottom, I lia\ e not entered into 
any details. 

Valley of CoqvAifiho . — The narrow coast-})lain sends, 
as l>efore stated, an arm, or more correctly a fringe on 
both sides, but chiefly on the southern side, several 
miles up the valley. These fringes are worn into steps 
or terraces, which present a most remarkable apjXfar- 
ance, and have been compared (though not very cor- 
rectly) by Capt, Basil Hall, to the parallel roads of Glen 
Boy in Scotland : their origin has betm ably discussed 
by Mr. Lyell.^ The first section which I wdll give, is 
not drawn across the valley, but in an east and west 
No. 23. 

East and West ^^‘ction tJimngh the Torrart< at e*vjniniljo, where thej Oeboudi froin 
tho Valley, and front the Sea. 

(F.) 

3f.4 fed. (E-) 

I n. C.) 

! 120 feet. ^ /-A * 

70 let't. 

LeTfc] ot h>eu. Town of CiKiuitnho, 

V^ertical Hcale of inch to IhO feet : horiz nital w-'ide much eoutra<'t<i<l. 

line at its mouth, where. the step-formed terraces de- 
bouch and present their very gcmtly inclined surfaces 
towards the Pacific. 


^ ' Principles of U oology ’ (Ut edit.), voL iii. p. 131. 
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The bottom plain (A) is alx)ut a mile in width, and 
rises quite insensibly from the beach to a height of 
twenty-five feet at the foot of the next plain : it is sandy, 
and abundantly strewed with shells. 

Plain or terrace (B) is of small extent, and is almost 
concealed by the houses of the town, as is likewise the 
escarpment of terrace (C). On both sides of a ravine, 
two miles south of the town, there are two little ter- 
races, one aljcjve the other, evidently corresponding with 
(B) and (C) ; and on them marine remains of the species 
already enumerated were plentiful. Terrace (E) is very 
narrow, but quite distinct and level ; a little southward 
of the town there were traces of a terrace ( D) inter- 
mediate })etween (E) and (C). Terrace (F) is part of 
the fringe-like plain, which stretches for the eleven 
miles along the coast ; it is here composed of shingle, 
and is 100 feet higher than where composed of calca- 
reous matter. This greater height is obviously due to 
the quantity of shingle, which at some former period 
has Ijeen brought down the great valley of Coquimbo. 

Considering the many shells strewed over the ter- 
races (A) (B) and (C), and a few miles southward on 
the calcareous plain, which is continuously united with 
the upper step-like plain (F), there cannot, I apprehend, 
be any doubt , that these six terraces have been formed 
by the action of the sea; and that their five escarp- 
ments mark so many periods of comparative rest in the 
elevatory movement, during which the sea wore into 
the land. ' The elevation between these periods may 
have been sudden and on an average, not more than 
seventy-two feet each time, or it may have be%n gradual 
' and insensibly sIow\ From the shells on the three 
lower terraces, and on the upper one, and I may add on 
the three gravel-capped terraces at (kmchalee, being all 
littoral and sub-littoral species, and from the analogical 



254 


Gravel-Terraces of Coqtmnbo i^art ii . 


facts given at Valpai-aiso, and lastly from the evidence 
of a slow rising lately or still in progress here, it appears 
to me far more probable, that the movement has been 
slow. The existence of these successive escarpments, 
or old cliff-lines, is in another respect highly instructive, 
for they show pt'riods of comparative rest in the eleva- 
tory movement, and of denudation, which would never 
even have been suspected from a close examination of 
many miles of coast southward of Coquimlx). 

We come now to the terraces on the opposite sides 
of the east and west valley of Coquimbo : tlie following 
section is taken in a north and south line across the 
valley at a point about three miles from the sea. The 
valley measured from the edges of the escarpments of 
tlie upper plain (F) (F) is about a mile in width ; but 
from the bases of the bounding mountains it is from 
three to four miles wide. The terraces marked with 
an interrogative do not exist on that side of tlie valley, 
but are introduced merely to render the diagram more 
intelligible. 

Ko, 2-i- 


Xorth and South Section ocrogs the Valley of Coqainibt>. 

XoTth. Bouth. 



Vertical scale of inch to 100 foet: horizontal scale mudi oontra<;t(Hl ; terraces 
markwi with (V) do Tif>t occur on that side of the valley, and an* Introdinsed only 
t<> maie the dia{sn*ani more intelllKible, A river and tH>ttom-pl!iiu of valley C, E, 
and on the south side of valley, axe resix.'cUvely, 197, 5177, and 4‘iO feel above 
the Uivel of the sea. 

A A Tlui bottom of the valley, believed to be 100 fe(*t above the sea : it is continu. 

oasly united witli the louoat plain (A) of the fomicr soction, 

B I’hifi terrace higher up the valley expands con<<Jdi'ra))]y ; sejiward It ia soon iofit, 
its esmrpmcnt being united with that of (C) : it is not developed at all on the 
south side of the valley. 

0 Th}« terrace like the last, is ronfilderably expanch'd higiier up the valley. Those 
tw'o tenwees apiwrently oomsixmd with (B) and (G) of the fornm section, 
n is i«>t well deveiojx'd in the line of this Jwtioii ; but seaward it expands into a 
plain : it is not present on the south side of the valley ; hut it is met with, as 
stated under the former section^ a little south of the town. 
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B is well developed on the south side, but absent on the north side of the valley : 
though not continuously united with (E) of the former section, it apparently 
corresponds with it. 

F This is the surfaoo-plnin, and is continuously united with that which stretches 
like a fringe along the coast. In ascending the valley it gradually becomes 
narrower, and is at last, at the distance of about ten miles from tRe sea, reduced 
to ft row of flat-topisid patches on the sides of the mountains. None of tlie lower 
terraces extend so for up the valley. 

These five terraces are formed of shingle and sand ; 
three of them, as marked by Capt. Basil Hall (namely, 
B, C, and F), are much more conspicuous than the others. 
From the marine remains copiously strewed at the 
mouth of the valley on the lower terraces, and south- 
ward of the town on the upper one, they are, as before 
rem^irked, undoubtedly of marine origin ; but within 
the valley, and this fact well deserves notice, at a dis- 
tance of from only a mile and a half to three or four 
miles from the sea, I could not find even a fragment of 
a shell. 

Oa the ifiel imtioii of the terraces of Coquimbo^ 
and OH the upper and basal ed<jes of their escarpments 
not being horlzontaL — The surfaces of these terraces 
slope in a slight degree, as shown by the last two sections 
taken conjointly, both towards the centre of the valley, 
and seawards towards its mouth. This double or 
diagonal inclination, which is not the same in the 
several terraces, is, as we shall immtHliaiely see, of 
simple explanation. There are, however, soiiu) other 
jxiints which at first appear by no means obvious, — 
namely, first, that each terrace, taken in its, whole 
breadth from the summit-edge of one escarpment to 
the base of that above it, and followed up the valley, is 
not horizontal; nor have the several terraces, when 
followed up the valley, all the same inelinafton; thus 
I found the terraces C, E, and F, measured at a point 
about two miles from the mouth of the valley, stood 
severally between fifty-six to seventy-seven feet higher 
than at the mouth. Again, if we look to any one line 
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of cliff or escarpment, neither its summit-edge nor its 
base is horizontal. On the theory of the terraces having 
been forngied during a slow and equable rise of the land, 
with as many intervals of rest as there are escarpments, 
it appears at first very surprising that horizontal lines 
of some kind should not have been left on the land. 

The direction of the diagonal inclination in the 
different terraces being different, — in some being direc- 
ted more towards the middle of the valley, in others 
more towards its mouth, — naturally follows on the 
view of eacdi terrace, l)eing an accumulation of successive 
beach-lines round bays, which must have teen of dif- 
ferent forms and sizes when the land stood at different 
levels : for if we look to the actual beach of a narrow 
creek, its slope is directly towards the middle ; whereas, 
in an open bay, or slight concavity on a coast, the slope 
is towards the mouth, that is, almost difectly seaward ; 
hence as a bay alters in form and size, so will the direc- 
tion of the inclination of its successive beaches become 
clianged. 

If it ^vere possible to trace any one of tlie many 
beach-lines, composing each sloping terrace, it w^ould 
of colirse be horizontal ; but the only lines of demarca- 
tion are the summit and basal edges of the escarpments. 
Now the summit-edge of one of these escarpments 
marks the furthest line or point to wdnch the vsea has 
cut into a mass of gravel sloping seawaid ; and as tlie 
sea will generally have greater power at the mouth than 
at the protected head of a bay, so will the escaq)ment 
at the mouth be cut deeper into the land, and its 
summit-edge be higher; consequently it will not be 
horizontal. With respect to the basal or lower edges 
of the escarpments, from picturing in one’s mind ancient 
bajis entirely surrounded at successive periods by clifi- 
formed shores, one’s first impression is that, they at least 
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Becessarily must be horizontal, if the elevation has been 
horizontal. , But here is a fallacy : for after the sea has, 
during a cessation of the elevation, worn cliffs all round 
the shores of a bay, when the movement recommences, 
and especially if it recommences slowly, it might well 
happen that, at the exposed mouth of the bay, the 
waves might continue for some time wearing into the 
land, whilst in the protected and upper parts successive 
beach-lines might be accumulating in a sloping surface 
or terrace at the foot of the cliffs which had been lately 
reached : hence, supposing the whole line of escarpment 
to lje finally uplifted alxwe the reach of the sea, its 
basal line or foot near the moutli will run at a lower 
level than in the upper and protected parts of the bay ; 
consequently this basal line wdll not be horizontal. And 
it has already l>een shown that the summit-edges of 
each escarpment will generally bo higher near the 
mouth (from the seaward sloping land being tliere most 
exposed and cut into) than near the head of the bay; 
therefore the total height of the esc^arpiuents will be 
greatest near the moiit!) ; and further up the old bay 
or valley they will ou botli sides generally thin out and 
die away : I have observed this thinning out of the 
successive escarpment at other places l)esi(les Co<juimbo ; 
and for a long time I was quite unable to understand 
its meaning. The following rude diagram will perliaps 
render what I mean more intelligible; it represents a 
bay in a district wddch has begun slowly rising. Before 
the movement commenced, it is supposed that the 
waves had been enabled to eat into the laud and form 
cliffs, as far up, but with gradually diminishiug power, 
as the points A A : afbir the movement liad commenced 
and gone ou for a littk*, time, the sea is supposed still to 
have retained the power, at the exposed mouth of the 
bay, of cutting down and into tlie land as it slowly 

8 
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emerged; but in the upper parts of the bay it is 
supposed soon to have lost this power, owing to the more 

No. 25. 



protected situation and to tije quantity of detrihis 
brought down by the river ; consecpiently low land was 
there accumulated. As this low land was formed durinir 
a slow elevaUjry movement, its surface will gently slope 
upwards from the beach on all sides. Now, let us 
imagine the bay, not to make the diagram more com- 
plicated, suddenly converted into a valley : the ])asai 
line of the cliffs will of course be horizontal, as far as 
the l)each is now seen extending in the diagraui ; but 
in the upper part- of the valley, this line will be liigher, 
tlie level of the district having been raised whilst the 
low land was aecuraulating at th(i foot of tlie inland 
cliffs. If, instead of the hay in tlie diagram being 
fiuddenly converted into a valley, we sup]jose witli mnob 
more probability it to be upraised sluwdy, then the 
w^ves in the upper parts of the bay will continue very 
gradually to fail to reach the cliffs, wliich are now in 
the diagram represented as washed by the sea, and 
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which, consequently, will be left standing higher and 
higher above its leve ; whilst at the still exposed mouth, 
it might well happen that the waves might be enabled 
to cut deeper and deeper, both down and into the cliffs, 
as the land slowly rose. 

The greater or lesser destroying power of the waves 
at the mouths of successive bays, comparatively with 
this same power in tluur upper and protected parts, will 
vary as the bays become chang(‘<i in form and size, and 
therefore at different levels, at their months and heads, 
more or less of the surfaces between the escarpments, 
(that is, the accumulated beach -lines or terraces) will 
be left imdestroyed : from what has gone before we can 
see that, according as the elevatory mov.'ments after 
each cessation recommence more or less slowly, acxjording 
to the amount of detritus delivered by the river at the 
heads of the successive bays, and according to the degree 
of prott'ction afforded by their alt(Ted forms, so will a 
greater ov less ext<‘nt of terrace be accumulated in the 
upper part, to which there will be no surface at a cor- 
resyKuuiing level at the mouth: lienee we can perceive 
why no one terrace, taken in its whole breadth and 
followed up th(‘ valley, is liorizontal, though each 
separate beach-line must have been so; and why the 
inclination of the sevt‘ral terraces, both transversely, 
and longitudinally up the valley, is not alike. 

1 liavi* entered into this case in some detail, for I 
was long perplexed (and others have felt the same 
difticulty) in imdiu'standing how, on the idea of an 
equable elevation \vith the sea at interval eating into 
the land, it came that neither the terraces nor the upper 
nor lower edgc‘s of tlie escarpments were horizontal. 
Along lines of coast, even of great lengths, such as that 
of Patagonia, if they are nearly uniformly exjiosed, the 
corroding power of the waves will be checked and 
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conquered by the elevatory movement, as often as it 
recommences, at about the same period ; and hence the 
terraces, or accumulated beach-lines, will commence 
being formed at nearly the same levels : at each suc- 
ceeding period of rest, they will, also, be eaten into at 
nearly the same rate, and consequently tliere will be a 
much closer coincidence in their levels and inclinations, 
‘than in the terraces and escarpments formed round 
bays witli their different parts very differently exposi^d 
to the action of the sea. It is only where the waves 
are enabled, after a long lapse of time, slowly to corrode 
hard rocks, or to throw up, owing to the supply of 
sediment being small and to the snrflice being steeply 
inclined, a narrow beaeli or mound, that we can expect, 
as at Glen Koy in >Scotland,' a distinct line marking an 
old sea-level, and which will be strict ly lu^rizoiital, if 
the subsequent elevatory movements Imve been so : for 
in these cases no discernible effects yall be produced, 
except during the long intervening periods of rest ; 
whereas in the case of step- formed coasts, such as those 
descril)ed in this and the preceding chapter, the terraces 
themselves are accumulated during the slow elevatory 
process, the accumulation commencing sooner in pro- 
tex*.ted than in expo-ed situations, and sooner wliere 
there is copious supply of detritus than where there is 
little ; on the ^^^ther hand, the steps or (^scarpirK^nts are 
formed durin^^^^ stationary pei’iods, and are more 
deeply cut do\^^ districl!^ coast -land, in exposed 

than in protec. he cutting action, ir-- 

over, being prolj.^^ K«t exposed parts, lx,.,?, 

during thftbegi £ ^ valley’ 'ipwarcl 

movement. „p-; 

Although in the i ^j.iscussion I have assumed 

the elevation to have -norkontal, it may l>e sus- 
^ ^Philosophical Transactions/ 1830, p. 39. 
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pected, from the considerable seaward slope of the 
terraces, both up the valley of S* Cruz and up that of 
Co:piiinbo, that the rising has been greater inland than 
nearer the coast. Tliere is reason to believe,^ from the 
effects y)roduced on the water-course of a mill during 
tlic earthquake of 1822 in Chile, tlnit the upheaval one 
mile inland was nearly double, namely, between five 
and sev(m fe(^t, to what it was on the Pacific. We know, 
also, from the iidmirable res(‘aachcs of M. Bravais,^ that 
in Scandinavia tlie ancient sea-beaches gently slope 
from tlic interior mountain-ranges towards the^ coast, 
and that tluw are not pai-alhd one to tlio other, sliowing 
that the proportional difference in tlie amo\int of eleva- 
ticm on the coast and in tlie interior, varied at different 
j>erio(ls. 

Caqvhnho to — In this distance of ninety 

miles, I found in alnn^st (‘very part marine shells up to 
a lieight of apiiarently from 200 to 300 b^et. The 
desert plain nc-ar Chores is thus cover(‘cl ; it is bounded 
})y the escarprrnnit of a higluu’ plain, ccmsisting of pale- 
colounnl, (‘arthy, calcareous stoin^ like t hat of Coquimbo, 
with the same recent slndls embedded in it. Tn the 
valh*y of Chaherah a similar )H‘d occurs in which, dif- 
fennitly from tlnit of Co(|uimbo, I (observed many shells 
of iht' Couclndepas : near Guasco the same calcareous 
bed is likewise jrud with. 

in tlie valley of Guasco, the step-formed terraces of 
grav<'l ar(‘ display<‘d in a more striking manner than at 
any other })oint. I fdlowed the valley for thirty-seven 
miles (as rt‘ckone(,i by the inJiiibitants) frq^n tlie coast 
to Ballenar : in nearly the whole of this distance, five 


* Mr. Place, in the ‘Quartcrlv .Tourmil of Science,’ 1824, vol. xvii. 
P' 42. 

* ‘Voyages de la Comm, du Nordf : alao, * Cumptes Bendns/ 
Oct. 1842. 
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grand terraces, running at corresponding heights on 
both sides of the broad valley, ai*e more conspicuous 
than the three lx‘st developed ones at Conuimbo. They 
give to the landscape the most singular and formal 
aspect ; and when the clouds hung low, hiding the 
neighbouring mountains, the valley resemblcHl in the 
most striking manner that of Santa Cruz. The whole 
thickness of these terraces or plains secerns compost'd of 
gravel, rather firmly aggi'egated together, with oceasioiial 
parting seams of clay : the pebbles on tlie upper plain 
are often wliite-waslied witli an al}>uminous substance, 
as in Patagonia. Near the C(»ast T ol)s(^r\vd many sea- 
shells on the lower j)lains. At Freyiina (twelve miles 
up the valley), th(‘re are six terraces [)evside the lK»ttoin- 
surface of the valley : the twi^ lower on(?s are here only 
from 200 to 300 yards in wddth, but higher up the 
valley they expand into plains: the third terrace is 
generally narrow' : the fourth I saw only in one place, 
])ut there it was distinct for tlie leiigtli of a mihi : the 
fifth is very broad: the sixth is the summit -plain, 
which expands inland into a great basin. Not 
having a barometer with me, T did not ascaTtain the, 
height of these plains, but they appeared e<.)nsider- 
ably higher than those at Cotpiiinbo. Their widtli 
varies much, sometimes being very ])road, and some- 
times contracting into mere fringes of separat(‘ flat- 
topped projections, and then (piite di.sap})earing ; at. 
the one spot, wdiere the fmrth terrace was visible, the 
whole six tejTaeevS were cut off for a short space by one 
single ]>old escarpment.^ Near Palhaiar (thirty-seven 
miles from the mouth of the river), th(i valh^y between 
the summit-edges of the higlH\st esc-arpmeni is several 
miles in width, and the five t(;rraces on hoth sides are 
broadly develo])ed : the highest cannot he less than 
600 feet above the l>ed of the river, which itself must, 
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I conceive, be some hundred feet above the sea. A 
north and south section across the valley in this part is 
here represented. 

No. 26. 

North and South Section across the Valley of Guasco, and of a plain north of it. 

North. South. 

B A liiverof Gunsco. 


Town of Ballenar. 

On the northern side of the valley the summit-plain 
of gravtil (A)li;js two escarpments, one facing the valley, 
and tlu^ other a great basin-like plain (B), which 
stretches for seAenil leagues northward. This narrow 
plain (A) witli the doable escarpment., evidently once 
formed a s])it or jiromontory of gravel, jirojecting into 
and dividing two -great bays, and subsequently was 
worn on liotli sides into steep cliffs. Wlu^lher the 
several escarpments in this valley wore formed during 
the same stationary periods with tliose of (^oqnimbo, 
1 will not pn'tend to conjecture; but if so, the inter- 
vening and snbseqiK‘nt clevatory tnovements must have 
])een here much more energetic, for those plains cer- 
tainl}’ stand at a inucli liigher levfd than do those of 
Coquimbo. 

Coplaiw , — From (hiasco to C.opiafio, 1 followed the 
road near the foot of' the Cordillera, and therefore saw 
no uprais(‘d remains. At- the mouth, however, of the 
valley of Copiapo there is a ]ilain, estimated by Meyen ' 
]»etwot>n fifty and seventy feet in height, of which the 
upper part consists chiefly of gravel, abminding witli 
recent shells, chiefly of the Concholepas, Domheyi^ 
and Calypinra irockiformu. A little inland, on a 
plain estimated by myself at nearly 300 feet, the upper 


* ‘ Reisc um dio ErJe.’ Th. 1. s. 372, et seq. 
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Btratiiin was formed of broken shells aud sand cjemented 
by white calcareous matter, and abounding with em* 
bedded recent shells, of which the Mtdinia Byronensis 
and Pecteii pu rpuratns were the most numerous. The 
lower plain stretches for some miles southward, and for 
an unknown distance northward, but not far up the 
valley; its seaward face, according to Meyen, is worn 
into caves above the level of tlie present ])each. The 
valley of Copiapo is much less steeply inclined and less 
direct in its course than any other valley Avhich I sawr 
in Chile ; and its bottom does not generally consist of 
gravel : tliere are no stop-formed terraces in it, exce}>t at * 
one spot near the mouth of the grt^at iatei'al valley of 
the Despoblado wliere tliere are only two, one above the 
other : lower down the valley, in one ]>lace I observed 
that the solid rock laid been cut into the sliape of a 
beach and was smoothed over with shingle. 

Northward of Copiapo, in hit. 21^ 8., the old voyager 
Wafer ^ found immense numbers of sea-sludls some 
miles from the coast. At Cobija (lat. 22® 34^), M. 
(fOr)>igiiy observ(*d beds of gravel and broken shells, 
containing ten species of recent sliells ; lie also found, 
on projecting points of porphyry, at a lieight of 300 
feet, shells of Concholepas, Chiton, Calyptriea,, Fissurella, 
and Patella, still attached to the spots ou'wiiicli they 
had lived. M, d’Orbigny argues from this fact, that 
the elevation must have k^en great and sudden : to 

* Burnett’s ‘ Oollfction of vol. ir. p. 193. 

‘VoyaiJfe. Part. Ge.olo^.’ p, 9-t. jNF. cVOrtiirny (p. 08) in suni- 
ming up, SJiyp, ‘8’)1 est eerlain (as Jic believes) que tous les terrains en 
pente, cornpris entre la nier et les inontaiirrieK sont I’ancien rivago de la, 
mor, on doit siipposer, pour Tenscnible, un exhuussoinent qui no serait 
pas moindre do deux cent ni litres ; il fiiudrail suppnser encore quo ce 
souI^Jvement na jioint graduel; .... rnais quit resulteruit d'uno 
seiile et meme cause fortuito/ Nom', on tliis view, when the sca 
W'us forming the hcach at tlm foot of the ninuntain.s, many sliells of 
, (^Joncholcpas, Chiton, Calypirma, Fissurelbi, and Patella (whicli aro 
known to live close to the heacli), wore attached to rocks at a depth of 
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me it appears far more probable that the movement 
was gradual, with small stai'ts as durin| 2 ^ the earth- 
quakes of 1 822 and 1835, by wliicli whole beds of shells 
attached to the rocks were lifted above tlie subsequent 
reach of the waves. M. d’Orbigny also found rolled 
pebbles, extending up the mountain to a height of at 
least 600 feet. At Iqtii(pie (lat. 20® 12' S.), in a great 
accumulation of sand, at a height estimated between 150 
and 200 feet, I observed many large sea-shells wdiich I 
thought could not havti becai blown up by the wind to 
that height. jNlr, J. II. Blake has lately ^ described 
thes(‘ shells : he stales that ‘inland toward the moun- 
tains th(\y form a compact unifoi’m bed, scarcely a trace 
of the original sladls Ijeing discernible ; but as we 
approax-h th(‘ shon^, the forms become gradually more 
distinct till we meet with the living shells on the coast.’ 
This iiiteresting observation, showing })y the gradual 
decay of the sliells h(>w slowly aud gjndiially the coast 
must have In^en ujdiftxjd, w'e shall ]>resenlly see fully 
confirmed at Lima. At Arica (lat 18® 28'), M. 
(rOrbigiiy found a grc'at ra,nge of sand-dunes^ four- 
teen leagues in length, stretcliing towards Taena, in- 
cluding recent sliells and bones of Cetacea, and reach- 
ing up to a height of 300 feet above the sea. Lieut. 
Fnyer has given some more precise facts: he states^ 
tliat the iMorro of Arica is about 400 feid high ; it is 
worn into obscun' terra(*es, on the bart^ rock of which 
he found Balini and Milleporiu adhering. At the 

300 fe('t, nad at a depth of GOO feet fjeveraJ of those same sholls were 
accumuiatiii^ in ^rreat numbers in horizonUil beds. t>om what I have 
myself seen in dro(igiu^^, 1 believe this to bo iniprobablo in tlio highest 
dogroe, if not imi>ossil)le ; and I think every one who has read Prof. E. 
PorboK’s oxoeUeiit rosoarohoB on the subject, will without hesitation 
agrt‘e in this oonclusion. 

^ tSilliinan’s ‘ Amor. Jour, of Science/ vol. xliv. p. 2. 

' ‘ Voyage/ &c. p. 101. 

• In a LeUer to Mr. Lycll, ‘ Geolog, Proe/ vol. ii. p. 179. 
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heig^ht of l>etween twenty and thirty feet the shells 
and corals were in a quite fresh state, but at fifty feet 
they were much abraded ; there were, however, traces 
of organic rc^mains at greater heiglits. On the road 
from Taciia to.< Arecjuipa, between Lo(piimbo and 
Moqiiegua, Mr. M. Hamilton ^ found numerous recent 
sea-shells in sand, at a considerable distance from the 
sea. 


Northward of Arica, I know nothing of the coast 
for alA)ut a space of five degrees of latitude ; but near 
(’allao, the port of Lima, there is abundant and 
\'ery curious evidence of the eltaation of the land. 
The island of San Lorenzo is upwai'ds of 1,000 feet 
high ; the basset edges of the strata composing the 
hjwer part are worn into three obscure, narrow, sloping 
steps or l(M]ges, which can be s<H'n only wlnm standing 
on them : they proliably resemble those described by 
Lieut. Freyer at Arica. The surface of the lower ledge, 
wdnch extends from a low cliff overhanging tln‘ sea to 
the foot of the next upper escarpment, is coviu'ed by an 
enormous accumulation of recent sliells.-^ The bod is 
level, and in some parts more than two feet in thick- 
ness; I traced it over a space of one mile in length, 
and heard of it in other places : the U])pennost part is 
eighty-fiv(^ feet by the barometer aljove higli-\vat(^r 
mark. The shells are packed together, bnt not strati- 
fied ; they are mingled wdth earth and stones, and are 
generally covered by a few inches of detritus ; they 
rest on a mass of nearly angidar fragments of the 
underlying sandstone, sometimes ceraentt^d together by 

* ‘ Edin. Phil Jour,' toI xxx. p. 155. 

2 M. Chevalier, iti the * of Uie Bonite,’ obfiorved these hhelly; 

but his gpecimeiis were lost.- ‘ L’inetitut/ 1838, p. 151. 
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common salt. I collected eighteen species of shells of 
aU ages and sizes. Several of the univalves had evi- 
dently long lain dead at the bottom of the sea, for 
their inskles were incrusted with Balani and Serpute. 
All, according to Mr. (t. R. Sowerby, are recent species : 
tliey consist of — 

1 . JVTytilus : same as | 7. Fissiirella affinis, Gray. 

that found at Valparaiso, and 8. hiradiata, Trembly. 

there stated to be probably 9. Purpura cdi()Co]iitta, Duclos. 

distinct from the true M. 10, l^eruviana. Gray. 

Ma(/e/hn?4''UA of the ea.st coast. 11. labiata, Gniy. 

2. Venus costidlata, Sowb. * Zool. 12. buxea (Murex, Brofl.). 

Pror.' 13. Goncbrdopas I\mviana. 

5. 'Pecteu purpuratuH, Lam. 14. Nassa, related to reticulata. 

4. Cljama, ju’obahly echirmlata, 10. 'Triton rudis, Erod. 

Prod. 1C. Q'rochus. not yet described, but 

6. Calyptrjea Eyrononsi.s, Gray. well known and very common. 

C. radians (Troehus, j 17 and 18. Ealanus, two species, 

L'lm.) 1 lK)th common on the coast. 

'I'liese upraised shells appear to be nearly in the 
same proportional ninubcTs — Avith Ihe exception of 
th<^. Cre]>i<luhe l>eing more numerous — with those on 
the existing beach. The state of preservation of the 
different species luflered much ; l>ut most of them were 
much corroded, brittle, and bleaclu^d : the upper and 
lower surfaces of the Coiieholepas had generally tpiite 
scaled off : some of tlie Trochi and Fissurelhe still 
partially retain th(dr colours. It is nmiarkable that 
these shells, taken all together, have fully as anedent an 
ajipearance, although the extremely arid climate appears 
liighly favourable for their preservation, as those from 
1,300 feet at Valparaiso, and certainly a more ancient aj>- 
])earance tliari tliose from 500 to GOO feet from Valparaiso 
and Concepcion : at which places I have seen grass and 
other v('getablos actually growing out of the shells. 
Many of the univalves here at San Lorenzo were filled 
and united tr>gether by pure salt, probably left by the 
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evaporation of the sea-spray, as the land slowly emerged.' 
On the highest parts of the ledge, small fragments of 
the shells were mingled with, and evidently in process 
of reduction into, a yellowish-white, soft, calcareous 
powder, tasting strongly of salt, and in some places as 
tinci as prepared medicinal chalk. 

Fossil Remains of Ihnaan Art . — In the midst of 
these shells on 8au Lorenzo, 1 found light corallines, 
the horny ovule-cases of Mollusca, roots of sea-weed, 
bones ot birds, the heads of Indian corn and other 
veg(dnble matter, a pi(;ce of woven rushes, and another 
ot nearly decayed cnitoti string. I extracted the.se re- 
mains by digging a hole, on a level spot; and they had 
all indisputaldy been embedded witli tbe shells. I 
coin2)ared the plaited rush, the cotton siring, and Indian 
eorn, at the house of an antiquary, with similar objects, 
taken from the Huaeas or burial-grounds of the ancient 
Peruvians, and they w^ere undhtinguishalyle ; it should 
be observed tluit the Peruvians used string only of 
cotton. The small quantity of sand or gravel with the 
shells, tlie absenc(^ of large stones, the width and thi(‘k- 
ness (T the ])ecl, and the time requisite for a ledge to 


’ The underlyin;^ Baiidslonc contnin*; true layers' uf S{ll^ ; so tiuit 
the salt m.iy j»ossiLly have eome froju tlu* buds ia t)iu liitrlK r parts 
of the island , but J thitjk more prolatldy from tliu sua^spray. It is 
^unepally assurted that rain nevur falls on thu coast of Peru; Imt this 
IS not quite acenrfite ; for, on several days, durinf^ onr visit, the so- 
ejiilod Peruvian dev' fdl in snftii-icnt quantity to make, the stroets 
muddy, and it would certainly have \^u*liod so dell(|uescejit a, subsUrice 
as salt into the soil, J st.ate this bwaiise M. d'Orbip^ny, in diMoissintr 
an aualoimus subject, supposes tliat J laid forirotten that it m^v.T rains 
on this A^hoiu lino of coast. Sue lUloa’s ‘ Voyage ’ < vol. il. ‘ J<hig. Trans ’ 
p, 67) for an account of the muddy stroetsbd Lima, and on the cori- 
tinuaneo of the mists during the whole winter, liain, also, falls at raro 
intervals oven in tlio ilric.st districts, as, for instaiieo. durin^^ forty days 
in 1726, nt Cfiofop.! (7° 16'); thin rain entirt-ly rui.u.d (• Ullok,’ &c! 
p. 18) tho mud-houses of the inhabitants. 

I ol Jordanhill found pieces of sea-weed in an upraised 

pleistocene deposit in S-otlaiid. Sue hia admirable Paper in the ‘ E iiiu 
>ew Phil Journal,’ vol, xxv. p. 384. 
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be cut into the sandstone, all show that these' remains 
were not thi’own high up by an earthquake-wave : on 
the other hand, these facts, together with the number 
of dead shells, and of floating objects, both marine and 
terrestrial, both natural and human, render it almost 
certain tliat they were accumulated on a true beach, 
since upraised eighty-five feet, and upraised this much 
since Induu) man iyihahited Pern. The elevation 
may have been, either by several small sudden start, s, 
or quite gradual ; in tins latter case the unrolled shells 
having ])een tlirown uj) during gales beyond the reach 
of the waxes which afterwards broke on the slowly 
emerging land. 1 l}ave made these remarks, chiefly 
because I was at first surprised at the compleie differ- 
ence in nature, between this broad, smooth, upraised 
bed of shells, and the present sli ingle-beach at the foot 
of tlje low sandstone'-clifts ; but a beach formed, when 
the sea is cutting into the land, as is shown now to be 
tlie case by the low bare sandstone-cliffs, ougbt not to 
be compart'd with a beach accumulated on a gently in- 
clined rocky surface, at a period when the sea (prol>able 
owing to the tdt'vatory mt>vement in ])rocess) was not 
able to eat into the land. With rt^spect to the mass of 
nearly angular, salt-cemented fragments of sandstone, 
which lie under the shells, and xvhich are so unlike the 
materials of an oj*dinarv sea-lu^ach ; I think it probable 
after having seen tin* remarkable effects * of the earth- 
quake of 1 Hof), in absolutely shattering as if by gun- 
powder tb(? .s*?f rface of tlie primary rocks near Concepcion, 
that a smooth bare surface of stone was left the sea 
covered by the shelly mass, and that afterwards when 
upraised, it xvas superficially shattered by tlie severe 
sliocks so often experienced here, 

• I havo descrihed tJiosc effects in my ‘Journal of Kosearches/ i>. 
303, 2rid edit., 1843. 
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The very low land surrounding the town of Callao, 
is to the south joined by an obscure escarpment to a 
higher plain (south of Bella Vista), whieli stretches 
along the coast for a length of about eight miles. This 
plain appears to the eye quite level ; but the sea-cliffs 
show that its luuglit varies (as far as I could estimate) 
from 70 to 120 feet. It is composed of thin, sometimes 
waving, bods of clay, often of bright njd and yellow 
colours, of layers of impure sand,- and in one part with 
a great stratified mass of granitic pel>bl(‘s. Idiese beds 
are capp<^d by a remarkable mass, varying from two t o 
six feet in thickness, of reddivsh loam or mud, containing 
many scattered and broken fragments of recHuit marine 
sliells, sometimes thougli rarely single large round 
pebble, more frequently short irregular laytTs of fine 
gravel, and very many piec(-‘S of red coarse earthenware, 
which from their curvatures must once have formed 
narts of large vessels. The ea.rth<mware is of Indian 
maiiufactim? ; and I fiumd exactly similar pieces acci- 
dentally included witliin the bricks, of winch the neigh- 
bouring ancient Peruvian burial-mounds are built. 
These fragments abounded in such numbers in certain 
spots, that it appt?ar<Hl as if waggon-loads of earthen- 
ware had been smashed to pieces. I'he broken sea- 
shells and pottery are strewed both on the surfiice, and 
throughout the whole thickness of this upper hmmy 
mass. I found them wluTevor I examined tin? cliffs, 
for a 8]:>ace of between two and three luihts, and for 
half a mile inland ; and th(‘re can be little doubt that 
this same bed extends with a smooth surface several 
miles further over the entire plain. Besides the little 
included irregular layers of small ptjbbh^s, there are 
occasionally very obscure traces of stratification. 

At one of tlie highest parts of the cliff, estimated 
120 feet above the sea, where a litt le ravine came down, 



CHAP. IX. fossil Earthenware near Lima. 271 

there were two sections, at right angles to each other, 
of the floor of a shed or building. In both sections or 
faces, two rows, one over the other, of large round stones 
could be distinctly seen ; they were packed close to- 
gether on an artificial layer of sand two inches thick, 
which had been placed on the natural clay-beds ; the 
round stones were covered by three feet in thickness of 
the loam with broken sea-shells and pottery. Hence, 
before this widely spread-out bed of loam was deposited, 
it is certain that the plain was inhabited; and it is 
probable, from t)ie broken vessels being so much more 
abundant in certain spots than in others, and from the 
underlying clay being fitted for their manufacture, that 
the kilns stood here. 

Tlui smoothness and wide extent of the plain, the 
bulk of matter deposited, and the obscure traces of 
stratification seem to indicate that the loam was de- 
jKJsited under wat<T; on the other hand, the presence 
of sea-shells, their ])roken state, the pebbles of various 
sizes, and the artificial floor of round sUaies, almost 
prove that it must have originated in a rush of water 
from tlii? sea over the land. The height of the plain, 
namely, 120 feed, renders it improbable that an earth- 
quake-wave, vast as some hav(^ 3)ere Ineen, could have 
])roken over the surface at its present level ; but when 
the land stood eighty-five feet lower, at the period when 
the shells were thrown up on the ledge at S. Lorenzo, 
and wIhui as we know man inliabiteel this district, such 
an event might well have? occurred ; and if we may fur- 
ther suppose, that the plain was at tliat time converted 
into a temporary lake?, as actually occurred, during the 
eartliquakes of 1713 and 1746, in the case of the low 
land round Callao owing to its being encircled by a 
high shingle-beach, all the appearances above described 
will be perfectly explained. I must add, that at a 
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lower level near the point where the present low land 
round Callao joins the higher plain, there are appear- 
ances of two distinct deposits both apparently formed 
by debacles: in the upper one, a horse’s tooth and a 
dog’s jaw were embedded ; so that both must liave been 
formed after the settlement of the Spaniards: accord- 
ing to Acosta, the earthquake-wave of 1586 rose eighty- 
four feet. 

The inhabitants of Callao do not believe, as far as I 
could ascertain, that any change in level is now in pro- 
gress. Tlie great fragments of brickwork, which it is 
asserted can be seen at the bottom of the sea, and which 
have been adduced as a proof of a late subsidence, are, 
as I am informed by Mr. Gill, a nsident engineer, 
loose fragments ; tin's is probable, for 1 found on the 
beach, and not near the remains of any laiilding, masses 
of brickwork, three and four feet square, which harl 
been washed into their present places, and vsmoothed 
over with shingle during the earth(|uake of 1746. The 
spit of land, on wliich tlie. ruins of Old Callao stand, is 
so extremely low and narrow, that it is iinpro])able in 
the highest dcgi’oe that a town should have [>een founded 
on it in its present state; and 1 have lately heard ’ that 
M. Tschudi has come to the concliusion, from a com- 
parison of old with modern charts, that the coast both 
soutli and north of Callao has subsided. I have shown 
that the island of San I-»orenzo has been upraised eighty- 
five feet since tlie Peruvians inhabited tin’s country; 
and wliatever may have })een the amount, of recent sul)- 
sidence, by so much more must the elevation have ex- 
ceeded the eighty-five feet. In sev(‘ral places ^ in this 

‘ I am indebted for this fact to Dr. E. l>ieffenbagli. I may add that, 
there is a tradition, that the isiands of San Lorenzo and Fr(ml.on were 
once joined, and that the channel betw’cen S. Iy>renzo and the mainland, 
now al)ore two miles in width, was so narrow that cattle used to swim 
over. 

^ * 01;scrvaciones sobro ol Olinia del Lima,’ par Dr. Jl. Uiiantlie, 
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neighbourhood, marks of sea-action have been observed : 
Ulloa gives a detailed account of such appearances at a 
point five leagues northward of Callao : Mr, Cniikshank 
found near Lima successive lines of sea-cliffs, with 
rounded blocks at theur bases, at a height of 700 feet 
above the present level of the sea. 

On the Decay of upraised Sea-Shells . — I have 
stated tliat many of the shells on the lower inclined 
ledge or terrace of San Lorenzo are corroded in a pecu- 
liar manner, and that they have a much more ancient 
appearance than the same species at considerably greater 
heights on the coast of Chile. I have, also, stated that 
these shells in tlie upjKer part of the ledge, at the height 
of eighty-five feet above the sea, ai‘e falling, and in 
some parts are quite changed into a fine, soft, saline, cal- 
careous powder. The finest part of this powder has been 
analysed for me, at the re(p.iest of Sir H. De la Beebe, 
by the kindness of Mr. Trenham Reeks of the Museum 
of Economic G(‘ology ; it consists of carbonate of lime 
in abundance, of sulpluite and muriate of lime, and of 
muriate and sulphate of soda. The carbonate of lime 
is obviously derived from the shells ; and common salt 
is so abundant in parts of the bed, that, as before 
remarked, the univalves are often filled with it. The 
sulphate of lime may havti been derived, as has probably 
the conunon salt, from the evaporation of the sea-spray, 
during the (‘mergence of the land ; for sulphate of lime 
is now copiously deposited from the spray on the shores 
of Ascension,^ The other saline bodies may perhaps 
have been partially thus derived, but chiefly, as I con- 
clude from the following facts, through a different 
means, 

p. 4.— Ulloa^M * vol. ii. ‘Kog. Trans.’ p. 97 .— For Mr. Cruik- 

shauk’ft observations, see Mr. L3’eirs ‘Principles of Geology’ ( 1 st edit.), 
vol. iii. p. J 30 . 

* See my dibonssion on a calcareous incrustation in Chapter IIX. 

T 
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On most parts of the second ledge or old sea-beach, 
at a height of 170 feet, there is a layer of white powder 
of variable thickness, as much in some part;8 as two 
inches, lying on the angular, salt-cemented fraghients 
of sandstone and under about four inches of earth, which 
powder, from its close resemblance in nature to the 
upper and most decayed parts of the shelly mass, I can 
hardly doubt originally existed as a bed of shells, now 
much collapsed and quite disintegrated. I could not 
discover with the microscope a trace of organic structure 
in it ; but its eliemical constituents, according to Mr. 
Keeks, are the same as in the powder extracted from 
amongst the decaying shells on the lower ledge, with 
the marked exception that the carbonate of lime is 
present in only very small quantity. On the third and 
highest ledge, I observed some of* this powder in a 
similar position, and likewise occasionally in small 
patches at considerably greater heights near the summit 
of the island.' At Iquique, where the whole face of the 
country is covered by a highly saliferous alluvium, and 
where the climate is extremely dry, we have seen that, 
according to Mr. Blake, the shells which are perfect 
near the beach become, in ascending, gradually less 
and less perfect, until scarcely a trace of their original 
structure can be discovered. It is known that car- 
bonate of lime and common salt left in a mass together,* 
and slightly moistened, partially decompose each other: 
now we have at San Lorenzo and at Iquique, in the 
shells and salt packed together, and occasionally mois- 

* I am informed by Dr, Kane, through Mr. Eeeks, thiit a mnnnfac- 
tory was estjiblished on thi.s principle in France, Imt failed from the 
small quantity of cjirbonate of soda produced. Sprengel (‘ Gardeners’ 
Chron/ 1846, p, 167) states, that salt and carbonate of lime are liable 
to mutual decomposition in the soil. Sir H. I)e la Bocho informs me, 
that calcareous rocks, washed by the spray of the sea, are often cor- 
roded in a peculiar manner; see also on this latter subject ' Gardeners’ 
Ohron/ p. 676, 1844. 
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tened by the so-called Peruvian dew, the proper elements 
for this action. We can thus understand the peculiar 
cori’oded appearance of the shells on San Lorenzo, and 
the great decrease of quantity in the carbonate of lime 
in the powder on the upper ledge. There is, however, 
a great difficulty on this view, for the resultant salts 
should be car-bonate of soda and muriate of lime ; the 
latter is present, but not the carbonate of soda. Hence 
I am led to the perhaps unauthorised conjecture (which 
I shall hereaiter have i 0 refer to) that tlie carbonate of 
soda, by some unexplained means, becomes converted 
into a sulphate. 

If the above remarks be just, we are led to the very 
unexpected conclusion, that a dry climate, by leaving 
the salt from the stia-spray tmdissolved, is much less 
favourable to the preservation of upraised shells tlian 
a humid climate. However this may be, it is interest- 
ing to know the manner in which masses of shells, 
gradually upraised above the sea- level, decay and finally 
disappear, 

Swmmary on the recent Elevation of the WeM 
Coast of So at If America . — We have seen that upraised 
marine remains occur at intervals, and in some parts 
almost continuously, from lat. 45® 35' to 12® S., along 
the shores of the Pacific. This is a distance, in a north 
and south line, of 2,075 geographical miles. From 
Byron’s observations, tbe elevation has no doubt extended 
sixty miles farther south; and from the similarity in 
the form of the country near Lima, it has probably 
extended many leagues farther noi-th.^ ^Along this 
great line of coast, besides the organic remains, there 
are in very many parts, marks of erosion, caves, ancient 

' 1 may ttiko this opportunity of sUting that in a M8. in the 
Geological Soc. by Mr. Weaver, it is stilted that beds of oysters and 
other recent shells are found thirty feet above the level of the^ sea, in 
many parts ol Tampico, in the Gulf of Mexico. 
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beaches, sand-dunes, and successive terraces of gravel, 
all above the present level of the sea. From the steep- 
ness of the land on this side of the continent, shells 
have rarely been found at greater distances inland than 
from two to three leagues ; but the marks of sea-action 
are evident farther from the coast ; for instance, in the 
valley of Guasco, at a distance of between thirty and 
forty miles. Judging from the upraised shells alone, 
the elevation in Chiloe has l:>een 350 feet, at Concepcion 
certainly 625 feet, and by estimation 1,000 feet; at 
Valparaiso 1,300 feet ; at Coquimbo 252 feet; north- 
ward of this place, sea-sliells liave not, I believe, been 
found above 300 feet ; and at Lima tliey were falling 
into decay (hastened probably by tlie salt) at eighty-five 
feet. Not only has this amount of elevation taken 
place within the period of existing Mollusca and Cir- 
ripedes ; but their proportional nurnbei s in the neigh- 
bouring sea have in most cases remained the same. 
Near Lima, however, a small cliange in this resp<^.ct 
between th(5 living and the upraised was ol^served : at 
Co(|uimlK) this was more evident, all the sliells being 
existing species, but with those embedded in the upper- 
most ciilcareous plain not approximating so closely in 
proportional numbers, as do thowrj tliat lie loose on its 
surface at the height of 252 feet, and still less closely 
than those which are strewed on the lower plains, which 
latter are identical in proportional numbers with those 
now cast up on the beach. From this circumstance, 
and from not finding, upon careful f‘xamination, near 
Coquimbo any shells at a greater licight than 252 feet, 
I believe that the recent elevation there has been much 
less than at Valparaiso, where it has been 1,300 feet, 
and I may add, than at Concepcion. This considerable 
iuecjuality in the amount of elevation at Co(iuimbo and 
Valparaiso, places only 200 miles apart, is not im- 
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probable, conBidering, first, the difference in the force 
and number of the shocks now yearly affecting different 
paiis of this coast ; and, secondly, the fact of single 
areas, such as that of the province of Concepcion, having 
been uplifted very unequally during the same earth- 
quake. It 'would, in most cases, be very hazardous to 
infer an inequality of elevation, from shells being found 
on the surface or in superficial beds at different heights ; 
for we do not know on what their rate of decay depends ; 
and at Coquimbo one instance out of many has been 
given, of a promontory, which, from the t:K3ciirrence of 
one very small collection of lime-cemented shells, has 
indis])utably been elevated 242 feet, and yet on which, 
not even a fragment of shell could be found on careful 
examination iK’tween this height and the beach, although 
many sites appeared very favourable for the preservation 
of organic remains : the absence, also, of shells on the 
gravel-terraces a short distance up tlie valley of Co- 
quimbo, tliougli abundant on the corresponding terraces 
at its month, should be })orne in mind. 

There are other c.‘pochs, besides that of the existence 
of recent Mollusca, by which to judge of the changes 
of level on tins coast. At Lima, as we have just seen, 
the elevation has been at least eighty-five feet, within 
the Indo-human period ; and since the arrival of the 
Spaniards in there has apparently been a sinking 

of the surface. At Val]>arai.so, in the course of 220 
years, the rise must have been less than nineteen feet ; 
but it has been as much as from ten to eleven feet in 
the seventeen years subsequently to 1817^ and of this 
rise only a part can be attributed to the earthquake 
of 1822, the remainder having been insensible tmd 
apparently still, in 1834, in progress. At Chiloe the 
elevation has been gradual, and about four feet during 
four years. At Coquimbo, also, it has been gradual, 
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and in the course of 150 years has amounted to several 
feet. The sudden small upheavals, accompanied by 
earthquakes, as in 1822 at Valparaiso, in 1835 at Con- 
cepcion, and in 1837 in the Chonos Archipelago, are 
familiar to most geologists, but the gradual rising of 
the coast of Chile has been hardly noticed ; it is, how- 
ever, ver}^ important, as connecting together these two 
orders of events. 

The rise of Lima, having ber^n eighty-five feet within 
the period of man, is the more siirjmsing if we refer to 
the eastern coast of the continent, for at Port S. Julian, 
in Patagonia, there is good evidence (as we shall here- 
after see) that when the land stood ninety feet lower, 
tlje Macrauchenia, a raammiferous beast, was alive ; 
and at Baliia Blanca, when it stood only a fi'w feet 
lower than it now does, iruiiiy gigantic tpiadrupeds 
ranged over the adjoining country. But the coast of 
Patagonia is some way distant from tlie CtU'dillora, and 
the movement at Bahia Blancji is perliaps no ways 
connected with this great range, but ratlier with the 
tertiary volcanic rocks of Banda Oriental, and therefore, 
the elevation at tliest^ places may have becui infinitely 
slower than on the coast of Peru. All such speculations, 
however, nuist be vague, for as we know with certainty 
that the elevation of the whole coast of Patagonia has 
been interrupted by many and long panst^s, who will 
pretend to say that, in such cases, many and long periods 
of subsidence may not also have been intercalated? 

In many parts of the coast of Cliile and Peru there 
are marks of the action of tlje sea at successive heights 
on the land, sliowing tJiat the elevation has been inter- 
rupted by periods of comparative rest in the upward 
movement, and of denudation in the action of tlie sea. 
These are plainest at Chiloe, where, in a height of about 
50f) feet, there are three escarpments, — at Coejuimbo, 
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where, in a height of 364 feet, there are five, — at Guasco, 
where there are six, of which five may perhaps cor- 
respond with those at Coqiiimbo, hut if so, the subse- 
quent and intervening elevatory movements have been 
here much more energetic, — at Lima, where, in a height 
of about 250 feet, there are three terraces, and others^ 
as it is fisserted, at considerably greater heights. The 
almost entire absence of ancient marks of sea-action at 
defined IcN'els along considerable spaces of coast, as near 
Valparaiso and Concepcion, is highly instructive, for as 
it is improbable that the elevation at these places alone 
should have been continuous, we must attribute the 
absence of such marks to ihe nature and form of the 
coast^rocks. Seeing over how many hundred miles of 
the coast of I^itagouia, and on liow many places on the 
slu)res of the Pacific, tbe elevatory process has been 
interrupted by periods of comparative rest, we may 
conclude, conjointly with the evidence drawn from 
other (juarters of the world, that tlie elevation of the 
land is generally an intermittent action. From the 
quantity of matter removed iii the formation of the 
escarpments, especially of those of Patagonia, it appears 
tbnt tile periods of rest in the movement, and of denu- 
dation of the land, liave generally been very long. In 
Ihitagonia, we have seen that the elevation has been 
equable, and tlie periods of denudation synchronous 
over very wide spaces of coast ; on the shores of tbe 
Pacific, owing to the terraces chiefly occurring in the 
valleys, we have not equal means of judging on this 
point ; and the very different heiglits of the upraised 
shells at Coquimho, Valparaiso, and Conce{>cion seem 
directly opposed to such a conclusion. 

Whether on this side of the continent the elevation, 
between the periods of comparative rest when the 
escarpments were formed, has been by small sudden 
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starts, such as those accompanying recent earthquakes, 
or, as is most probable, by such starts conjointly with a 
gradual upward movement, or by great and sudden 
upheavals, I have no direct evidence. But as on the 
eastern coast, I was led to think, from the analogy of 
the last hundred feet of elevation in l^a Plata, and from 
the nearly equal size of the pebbles over tlie entire 
width of the terraces, and from the upraised shells 
being all littoral species, that the elevation had been 
gradual ; so do 1 on this western coast, from the analogy 
of the movements now in progress, and from the vast 
numbers of shells now living exclusively on or close to 
the beach, which are strewed over the whole surface of 
the land up to very considerable heights, conclude, that 
the movement here also has been slow and gradual, 
aided probably by small occasional starts. We know 
at least that at Coquimbo, \vhere five escarpments occur 
in a height of 364 feet, that the successive elevations, 
if they have been sudden, cannot have btnm very great. 
It has, I tliink, been shown that the occasional y)reserva- 
tion of shells, unrolled and unbroken, is not improbable 
even* during a quite gradual rising of the land ; and 
their preservation, if the movement has been aided by 
small starts, is quite conformable with wliat actually 
ttikes place during recent earthquakes. 

Judging from the present, action of the .s(ia, along 
the shores of the Pacific, on tlie deposit.s of its own 
accumulation, the present time seems in most places to 
be one of comparative rest in the elevatory movement, 
and of denudation of the land. Undoubtedly tins is 
the case along the wliole great length (if Patagonia. 
At Chiloe, however, we have S(»cn that a narrow sloping 
fringe, covered with vegetation, separates the present 
sea-beach from a line of low cliffs, which the waves 
lately reached; here, then, the land is gaining in 
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breadth aod height, and the present period is not one 
of rest in the elevation and of contingent denudation ; 
but if the rising be not prolonged at a quick rate, there 
is every probability that the sea will soon regain its 
former horizontal limits. I observed similar low slop- 
ing fringes on several parts of the coast, both northward 
of Valparaiso and near Coquimbo ; but at this latter 
place, from the change in form which the coast has 
undergone since the old escarpments were worn, it may 
be doubted 'whether the sea, acting for any length of 
time at its present level, would eat into the land ; for 
it now rather tends to throw up great masses of sand. 
It is from facts such as these that I luive generally used 
the t(‘rm comparative as applied to the elevation 
of the land; the rest or cessation in the movement 
being comparative both with what has preceded it and 
followed it, and with the sea's power of corrosion at 
each spot and at each lev(d. Near Lima, the cliff- 
formed sliores of San I^iirenzo, and on the mainland 
south of Callao, show that the sea is gaining on the 
land ; and as we have liere some evidence that its 
surface has lately subsided or is still sinking, the periods 
of comparative rest in the elevation and of contingent 
denudation, may proliably in many cases include periods 
of subsidence. It is only, as was shown in detail when 
discussing the terraces of Oo<]uimbo, when the sea with 
difficulty and after a long lapse of time has either 
corroded a narrow ledge into solid rock, or has lieaped 
up on a steep surface a narrow mound of detritus, that 
we can (‘onfidently assert that the land at that level and 
at that period long remained absolutely vstationary. In 
the case of terraces formed of gravel or sand, although 
iht^ elevation may have been strictly horizontal, it may 
well happen that no one level beach-line may be trace- 
able, and that neither the terraces themselves nor the 
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summit nor basal edges of their escarpments may be 
horizontal. 

Finally, comparing the extent of the elevated area, 
as deduced from the upraised recent organic remains, 
on the two sides of the continent, w^e have seen that on 
the Atlantic, shells have been found at intervals from 
eastern Tierra del Fuego for 1,180 miles northward, 
and on the Pacific for a space of 2,075 miles. For a 
length of 775 miles, they occur in tlie same latitudes 
on both sides of the continent. Without taking this 
circumstance into consideration, it is probable from 
the reasons assigned in the last chapter, that the entire 
breadth of the continent in Central Patagonia hai< been 
uplifted in mass ; but from other reasons tliere given, it 
would be hazardous to extend this conclusion to La 
Plata, From the continent being narrow in tlie south- 
ernmost parts of Patagonia, and from tlie sliells found 
at the Inner Narrows of tlie Strait of Magellan, and 
likewise far up the valley of the S. Cruz, it is probable 
that the southern part of the western coast, which was 
not visited ly me, has been ehfvated within the period 
of recent Mollusca : if so, the shores of the Pacific 
have been continuously, recently, and in a geological 
sense synchronously upraised, from Lima for a htfight of 
2,480 nautical miles southward, — a distance e(jual to that 
from tlie Ked Sea to the North Cape of Scandinavia ! 
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CHAPTER X. 

ON TJTE PLAINS AND TALLEYS OF CIITLE : — SALIFEROFS 
SrPERFICtAL DEPOSITS, 

Badir-Hkf 'plaivs of Chile x their drainage^ their marine origin —Marks 
of aea-aethm on the eai^tem flanks of the CordiUera — fHoging terrace^ 
like fringes rf sirnUfud shingle within the vallegs of the CordiUera ; 
their marine oriqht — Ikndders in the valleg (f the Cdchapval— Hori- 
sonfal elevation (f the Cordillera— For7iiatmi of val legs —Boulders 
7nnved hj earthipuike-wnpes — Saline superficial deposits — Bed of 
nitrate of soda at Iquique —Saline incrustaimis— Salt lakes of La 
Plata and Patagonia ; puidig of the salt ; its origin. 


The spaco Ix't ween the (bnlillern and the coast of ('hile is 
on a rude average from eighty to above one hundred 
miles in width ; it is formed, either of an almost 
continuous mass of mountains, or more commonly of 
several nearly parallel ranges, separated by plains; in 
tlic more southern parts of this Yirovince tlie mountains 
are quite su])ordinate to the plains ; in the nortliern 
part tlie mountains predominate. 

The basin-like plains at the foot of the Cordillera 
are in several respects remarkable ; that on which the 
capital of Chile stands is fifteen miles in Ividth, in an 
east and west line, and of much greater length in a 
north and south line ; it stands 1,750 feet above the sea ; 
its surface appears smooth, but really falls and rises 
in wide gentle undulations,, the hollows corresponding 
with the main valleys of the Cordillera : the striking 
manner in wdiich it a)>ruptly comes up to the foot of 
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4his great range has been remarked by every author ' 
since the time of Molina. Near the Cordillera it is 
composed of a stratified mass of pebbles of all sizes^ 
occasionally including rounded lK>ulders : near its 
western boundary, it consists of reddish sandy clay, 
containing some pebbles and numerous fragments of 
pumice, and sometimes passes into pure sand <.)r into 
volcanic ashes. At Podagucd, on this w(\stern side of 
the plain, Ix'ds of sand are capped ]>y a calcareous 
tuff, the uppermost layers being gene,rally hard and 
substalagmitic, and the lower ones white and friable, 
both together precisely resembling the beds at 
quimbo, which contain recent marine shells. Abrupt, 
but rounded, hummocks of rock rise out of this plain : 
those of 8ta. Lucia aud S. (.’ristoval are fornjed of 
greenstone-porphyry almost entirely denuded of its 
original covering of por])hyritic claystone breccia ; on 
their summits, many fragments of rock (some of them 
kinds not found 'mmtu) are coat{‘d aud united together 
by a wliite, friable, calcareous tuff, like that found at 
Podagiiel, When this matter was de])osited f)n the 
summit of S. Cristoval, tlie water must have stood 
946 feet ^ a])ove the surface of the surrounding plain. 

To the south this basin-like plain contracts, and 
rising scarcely perceptibly with a smooth surface, 

’ Thiy plain is partially 8f*parr>tc*<l into two Lasins }>v a nintre of 
hills; the southern half, aecordinj? to Meyen (‘ Reise- nm Erde,’ Th, i, 
B. 2/4), falls in height, by an abrupt step, of between fifteen and twenty 
feet. 

“ Or 2,690 feet above the sea. as mwisiired bnromotrieally by Mr. 
Eck. '!{ his tuff appears to the eve nearly jnire , but when j>l.u‘ed in 
acid it leaves a considerable residue of sand and broken crystalx, 
tippareritly of feldspar. Dr. Meyen (‘lOase/ 'Hi. i. s. 269) says, he 
found a similar substance on the neigh bonring hill of Dominico (and I 
found it also on the Ccrro Blanco), and he atlribntos it t,o the weather- 
ing of the stone. In some places which 1 examined, its bulk put this 
view of its origin quite out of questiim ; and 1 should much doubt 
whether the decomposition of a porphyry wmild, in any case, leave a 
cruBt chiefij composed of carbonate of lime. The white emst, which is 
commonly seen on weathered feldspatbic rocks, does not appear to 
contain any free carbonate of lime. 
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passes through a remarkable level gap in the moun- 
tains, forming a true land-strait, and called the Angostura. 
It then immediately expands into a second basin-formed 
plain : this again to the south, contracts into another 
land-strait, and expands into a third basin, 'N\'hich, how- 
ever, falls suddenly in level about forty feet. This third 
basin, to the south, likewise contracts into a strait, and 
then again opens into the great plain of S. Fernando, 
stretcliing so far south that the snowy peaks of the dis- 
tant Cordillera are seen rising above its liorizon as above 
the sea. These plains, near tlie Cordillera, are generally 
formed of a thick stratitied mass of shingle ; ‘ in other 
parts, of a red sandy (day, often with an admixture of pu- 
miceous matter. Although these baijinsare connected to- 
gether like a necklace, in anorth and south line, by smooth 
land-straits, tli(^ streams whicdi drain them do not all flow 
north and south, but mostly westward, through breaches 
worn in the bounding mountains; and in the case of 
the second basin, or that of Kancagua, there are two 
distinct breacdies. Each basin, moreover, is not drained 
singly : tlius, to give the must striking instance, but 
not the only one, in proceeding southward over the 
plain of Kancagua, we first find tlie water flowing 
northward to and through the northern land-strait ; 
tlien, wdthout. crossing any marked ridge or water-shed, 
we see it flowing south-westward towards the northern 
one of the two breaches in the western raountainous 
boundary ; and lastly, again without any ridge, it flows 
towards the southern breach in these same mountains. 
Hence the surface of this one basin-like plain, appear- 
ing to the eye so level, lias been mod(dleS with great 
nicety, so that th(? drainage, without any conspicuous 

* I'he plain of H. Ffrnaiuio has, aocordinii^ to ]ViM. Meyen and Gay 
(^Keiso,' Th. i. ss. uinl 208 ), ut-ar the Gordillora, un upper step- 
farmed }>laiu of (day, ou the snrface of whioh they found numerous 
Idorks^ of roeks, from two to throe toot lon^, eitlier lying single or 
piled in heaps, but all arrauged in nearly straight lines. 
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watersheds, is directed towards three opeuiDgs in the 
encircling mountains.* The streams flowing from the 
three southern basin-like plains, after passing through 
the breaches to the west, unite and form the river 
Eapel, which enters the Pacific near Navidad. I 
followed the southernmost branch of this river, and 
found that the basin or plain of S. Fernando is con- 
tinuously and smoothly united with those plains, 
which were described in the ninth chapter, as being 
worn near the coast into successive cave-eaten escarp- 
ments, and still nearer to the coast, as being strewed with 
upraised recent marine remains. 

I might have given descriptions of numerous other 
plains of the same general form, some at the foot of 
the Cordillera, some near the coast, and some half-way 
between these points. I will aliide only to one other, 
namely, the plain of Uspallata, lying on the eastern 
or opposite side of the Cordillera, between that great 
range and the parallel lower range of Uspallata,. 
According to Miers, its surface is (!,0()0 feet a]>ove the 
level of the sea : it is from ten to fifteen miles in 
width, and is said to extend with an unbroken surfac-e 
for 180 miles northwards: it is drained by two rivers 
passing through breaches in the mountains to the east. 
On the banks of the R. Mendoza it is seen to he 
composed of a great accumulation of stratified shingle, 
estimated at 400 feet in thickness. In general appear- 
ance, and in numerous points of structure, this plan 
closely resembles those of Chile. 

The origin and manne:f of formation of the thick 
beds of gravel, sandy clay, volcanic detritus, and cal- 
careous tuff, composing these basin-like plains, is very 

* It appears from Capt. Herbert’s aceount of the Diluvium of the 
Himalaya ('Gleanings of Science, ’ Cahmtta, vol. ji. p. 164), that 
precisely similar remarks apply to the drainage of the plains or valleys 
letiraen those great mountains. 



CHAP. X. Basin -like Plazfls of Chile. 287 

important ; because, as we shall presently show, they 
send arms or fringes far up the main valleys of the 
Cordillera. Many of the inhabitiints believe that these 
plains were once occupied by lakes, suddenly drained ; 
but I conceive tlmt the number of the separate breaches 
at nearly tlie same level in the mountains surrounding 
them, quite precludes this idea. Had not such distin- 
guished naturalists as MM. Meyen and Gay stated 
their l)clief that these deposits w(n-e left by great 
debacles rushing down from the Cordillera, I should 
not have noticed a view, whicli appears to me from 
many reasons improl)able in the highest degree — 
namely, from the vast accumulation of icdUrounded 
pebhle-s — their frequent stratification with layers of 
sand — the overlying beds of calcareous tuff— this same 
substance coating and uniting the fragments of rock 
on the hummocks in the plain of Santiago — and lastly 
even from the worn, rounded, and much denuded state 
of those hummocks, and of the headlands which pro- 
ject from the surrounding mountains. On the other 
hand, these several circumstances, as well as the con- 
tinuous union of the basins at the foot of the Cor- 
dillera, with the great plain of the Rio Rapel which 
still retains the marks of sca-action at various levels, 
and their general similarity in form and composition 
with the many plains near the coast, which are either 
similarly marked or are strewed with upraised marine 
remains, fully convince me that the mountains fund- 
ing these basin-plains were breached, their islet-like 
projecting rocks Worn, and the loose stratified detritus 
forming their now level surfaces deposited, by the sea, 
as the laud slowly emerged. It is hardly possible to 
state too strongly the perfect resemblance in outline be- 
tween these basin-like, long, and naiTOW plains of Chile, 
(especially when in the early morning the mists hang- 
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iug low represented water,) and the creeks and fiords 
now intersecting the southern and western shores of 
the continent* We can on this view of tJie sea, when 
the land stood lower, having long and tranquilly 
occupied the spaces between the mountain-ranges, un- 
derstand liow the boundaries of the separate basins 
were breached in more than one place ; for we see that 
this is the general character of the inland bays and 
channels of Tierra del Fuego ; we there, also, see in 
the sawing action of the tides, which flow with great 
force in the cross channels, a power sufficient to keep 
the breaches open as the land emerged. We can 
further see that the waves would naturally leave the 
smooth bottom of each great bay or channel as it be- 
came slowly converted into land, gently inclined t,o as 
many points as there were mouths, though which the 
sea finally retreated, thus forming so many water-sheds, 
without any marked ridges, on a nearly level surface. 
The absence of marine remains in these high inland 
plains cannot l>e properly adduced as an objection to 
their maiine origin : for we may conclude, from shells not 
being found in the grciat shingle beds of Patagonia, 
though copiously strewed on their surfaces, and from 
many other analogous facts, that such deposits are 
eminently unfavouralde for the embtKlment of such 
remains; and with respect to shells not being found 
strewed on the surface of these hasin-plains, it was 
shown in the last chapter that remains thus exposed in 
time decay and disappear. 

I observed some appearances on tlie plains at the 
eastern and opposite foot of- the Cordillera which are 
worth notice, as showing that the sea there long acted 
at nearly the same level as on the basin-plains of Chile. 
The mountains on this eastern side are exceedingly 
abrupt; they rise out of a smooth, talus-like, very 
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gentle, slope, from five to ten miles in width (as repre- 
sented in the following diagram), entirely composed of 
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fcecticm of tho Plain at the Eastern Eoot of the Chilian Cordillera. 
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perfectly rounded pebbles, often while-washed witli an 
aluminous substance like decomposed feldspar. This 
sloping plain or talus blends into a perfectly flat sjiace 
a few miles in width, composed of reddisli impure clay, 
with small calcareous concretions as in the Pampeah 
deposit, — of fine white sand with small pebbles in 
layers, — and of the above-mentioned white aluminous 
earth, all interstrati fled togellier. This flat space runs 
as flir as Mendoza, thirty miles northward, and stands 
probably at about the same height, namely, 2,700 feet 
(Pentland au Miers) above the sea. To the east it 
is bounded by an escarpment, eighty feet in height, 
running for many miles north and south, and composed 
of perfectly round pe])bles, and loose, white-washed, or 
embedded in the aluminous earth : behind tliis escai*p- 
ment there is a second and similar one of gravel. 
Northward of Mendoza, these escarpments become 
broken and quite obliterated ; and it does not appear that 
they ever enclosed a lake-like area : I conclude, there- 
fore, that they were formed by the sea, when it reached 
the foot of the Cordillera, like the similar escjirpments 
occurring at so many points on the coasts Chile and 
Patagonia. 

The talus-like plain slopes up with a smooth 
surface into the great dry valleys of the Cordillera. On 
each hand of the Portillo valley, the mountains are 
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formed of red granite, mica-slate, and basalt, which all 
have suffered a tfiily astonishing amount of denudation ; 
the gravel in the valley, as well as on the tahis-like 
plain in front of it, is composed of these rocks; l)ut at 
the mouth of the valley, in the middle (height proba- 
bly a])out 3,500 feet above the sea), a few^ small isolated 
hillocks of several varieties of porphyry project, round 
which, on all sides, smooth and often whife-washed 
pebbles of these same porphyries, to the exclusion of 
all others, extend to a circumscribed distance. Now, 
it is difficult to conceive any other agency, except the 
quiet and long-continued action of the sea on these 
hillocks, wdiich could have rounded and wbite-wasiied 
the fragments of porphyry, and caused tliem to radiate 
from sucli small and (juite insignificant cenires, in the 
midst of that vast stream of stones which lias descended 
from the main Cordillera. 

Slophif/ Terraces of Grace, I in the Valleys of the 
Cordillera * — All the main valleys on bot h flanks of the 
Chilian Cordillera have formerly had, or still have, their 
bottoms filled np to a considerable thickness by a mass 
of rudely stratified shingle. In central Chile, the 
greater part of this mass has been removed by the 
torrents ; cliff-bounded fringes, more or less continuous, 
being left at corresponding heights on both sides of 
the valleys. These fringes, or as they may be called 
terraces, liave a smooth surface, and as the valleys rise, 
they gently rise with them : hence they are easily irri- 
gated, and afford great facilities for the construction of 
the roads. From their uniformity, they give a re- 
markable character to the scenery of these grand, wild, 
broken valleys. In width, the fringes vary mnch, 
sometimes being only broad enough for the roads, and 
sometimes expanding into narrow plains. Their sur- 
faces, l>esides gently rising up the valley, «re slightly 
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inclined towards its centre in such a manner as to 
show that the whole bottom must once have been filled 
up with a smooth and slightly concave mass, as still are 
the dry unfurrowed valleys of northern Chile. Where 
two valleys unite into one, these terraces are particu- 
larly well exhibited, as is represented in the following 
diagram. The thickness of the gravel forming these 
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Gmiuitl-plaii of a hifurciitinp: vull<’v in tlie Cordillera, bordered by smooth, sloping 
gravel -ilri I )ges (A A A;, worn ahuig the course of the river into cliffs. 

fringes, on a rude average, may be said to vary from 
thirty to sixty or eighty feet ; but near the mouths of 
the valleys it was in several places from 200 to 300 
feet. Tlie amount of matter removed by the torrents 
has been immense ; yet in the lower parts of the 
valleys the terraces have seldom been entirely worn 
away on either side, nor has the solid underlying rock 
been reached : higher up the valleys, the terraces have 
frequently been removed on one or the other side, and 
sometimes on both sides ; but in this latter case they 
re-appear after a short interval on the line, which they 
would have held had they heen unbroken. 'WTiere the 
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solid rock has been reached, it has been cut into deep 
and narrow gorges. Still higher up the valleys, the 
terraices gradually become more and more broken, 
narrower, and lees thick, until, at a height of from 
7,000 to 9,000 feet,, they become lost, and blended with 
the piles of fallen detritus. 

I carefully examined in many places the state of the 
gravel, and almost everywliere found the pebbles equally 
and perfectly rounded, occasionally witli great blocks 
of rock, and generally distinctly stratified, often with 
parting seams of sand. The pebbles were sometimes 
coated with a wliite aluminous, and less frequently with 
a calcareous, crust. At great heights up the valleys, 
the pebbles become less rounded ; and as the terraces 
become obliterated, the whole mass passes into tlie 
nature of ordinary detritus. I was repeatedly struck 
with the great difference between this detrifus high up 
the valleys, and the gravel of the terraces low down, 
namely, in the greater number of the quite angular 
fragments in the detritus, — in the unequal degree to 
which the other fniginents have been rounded, — in the 
quantity of associated earth, — in the absence of stratifi- 
cation, — and in the irregularity of the upper surfaces. 
This difference was likewise well shown at points low 
down the valleys, where precipitous ravines, cutting 
through mountains of highly coloured rock, liave thrown 
down wide, fan-shaped accumulations of detritus on the 
terraces t in such cases, the line of separation between 
the .detritus and the terrace ^could be pointed out to 
within an inch or two ; the -detritus consisting entirely 
of angular and only partially rounded fragments of the 
adjoining coloured rocks^ the stratified sliingle (as I 
ascertained by close inspection, especially in one case, 
in the valley of the K. Mendoza) containing only a 
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small proportion of these fragments, and those few well 
rounded. 

I particularly attended to the appearance of the 
terraces where the valleys made abrupt and considerable 
bends, but I could perceive no difference in their struc- 
ture : they followed tlie bends with their usual nearly 
equable inclination. 1 observed, also, in several 
valleys, that wherever large blocks of any rock became 
numerous, either on the surface of the terrace or em- 
bedded in it, this rock soon appeared higlier up in situ : 
thus I have noticed blorks of porphyry, of andesitic 
syenite, of porphyry and of syenite, alternately becoming 
numerous, and in each case succeeded by mountains 
thus constituted. There is, however, one remarkable 
exception to this rule ; for along the valley of the 
Cachapual, M. Gay found numerous large blocks of 
white granite, which does not occur in the neighbour- 
hood : I observed these blocks, as well as others of 
andesitic syenite (not occurring here in sltu)^ near the 
baths of Cauquenes at a height of between 200 and 300 
feet above the river, and therefore (piite above the 
terrace or fringe wliich borders that river ; some miles 
higher up the valleys there were other blocks at about 
the same height : 1 also noticed, at a less height, just 
above the terrace, blocks of porphyries (apparently not 
found in the immediately impending mountains), 
arranged in rude lines, as on a sea-beach. All those 
blocks were rounded, and though large, not gigantic, 
like the true erratic boulders of Patagonia and F'uegia. 
M. Gay ^ states that granite does not occur in situ 
within a distance of twenty leagues; I suspect, for 
several reasons, that it will ultimately be found at a 

^ ‘ Anuales Seienc. Nat/ (I. series, tom. 28). M, Gtiy, as I was 
informed, penetmted the" Cordillera hy the great oblique of Los 

Cupressos, and not by the most direct line. 
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much less distance, though certainly not in the imme- 
diate neighbourhood. The boulders found by MM. 
Meyen and Gay on the upper plain of S. Fernando 
(mentioned in a previous note) probably belong to this 
same class of phenomena. 

These fringes of stratified gravel occur along all the 
great valleys of the Cordillera, as well as along their 
main branches ; they are strikingly developed in the 
valleys of the Maypu, Mendoza, Aconcagua, Cachapiial, 
and according to Meyen,' in the Tinguirica. In the 
valleys, liowever, of northern Chile, and in some on the 
eastern flank of the Cordillera, as in the Portillo 
Valley, where streams have never flowed, or are quite 
insignificant in volume, the presence of a mass of 
stratified gravel can be inferred only from the smooth 
slightly concave form of the bottom. One naturally 
seeks for some explanation of so general and striking a 
phenomenon ; that tlie matter forming the fringes 
along the valleys, or still filling up their emtire beds, 
has not fallen from the adjoining mountains like 
common detritus, is evident from the complete con- 
trast in every respect Ix^tween tlie grac'd and the piles 
of detritus, whether seem high up the valleys on their 
sides, or low down in front of the more precipitous 
ravines ; t)iat the matter lias not been deposited by 
debacles, even if we could believe in debacles having 
rushed down every valley, and all their branches, east- 
ward and westward from the central pinnacles of tlie 
Cordillera, we must admit from the following reasons, 
— from the distinct stratification of the mass, — its 
smooth upper surface, — the well-rounded and some- 
times encrusted state of the pe])bles, so different from 
the loose debris on the mountains, — and especially from 
the terraces preserving their uniform inclination round 
* ‘ lleififc/ &c. Th. I. s. 302, 
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the most abrupt bends* To suppose that as the land 
now stands, the rivers deposited the shingle along the 
course of every valley, and all their main branches, 
appears to me preposterous, seeing that these same 
rivers not only are now removing and have removed 
much of this deposit, but are every wliere tending to cut 
deep and narrow gorges in the hard, underlying rocks. 

I have stated that these fringes of gravel, the origin 
of which are inexplicable on the notion of debacles or 
of ordinary alluvial action, are directly continuous with 
the similarly-composed basin-like plains at the foot of 
the Cordillera, which, from the several reasons before 
assigned, 1 cannot dtuiht were modelled by the agency 
of the s(‘a. Now if we suppose that the sea formerly 
occupied the valleys of tiie CMlian Cordillera, in pre- 
cisely the same manner as it now does in the more 
southern parts of the continent, where d ep winding 
creeks penetrate into the very In.'art of, and in the case 
of Obstruction Sound ([uite tnrough, this great range ; 
and if W(i suppose that the mountains were upraised in 
the same slow manner as the eastern and western coasts 
liave been upraised within the recent period, tlien tlie 
origin and formation of these sloping, terrace-like fringes 
of gravel can he sim]>ly explained. For every part of 
tlie bottom C'acli valley will, on this view, have long 
siood at the ]iead of a sea-creek, into which tlie then 
(!xistiijg torrents will liave delivered fragments of rocks, 
wliere, by the action of the tides, they will have been 
rolled, sometimes encrusted, rudely stratified, and the 
wliole surface levelled by the blending together of tlie 
successive beach lilies.^ As the land rose, the torrents 

^ Sloping t{^lT^lces of precisely slnicture have teen tloncrited 

by me (‘ JMiiidsopli. Transactions.’ 1 830, p. 68) in the valleyfi of Loqjiaber 
in Seotlaml, where, at higher levels, the parallel roads of lilen Roy 
show the marks of the long and quiet residence of a glacial lake. I 
have no doubt that sloping tcxTaces would have been present in the 
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in every valley will have tended to have removed the 
matter which just before had been arrested on, or near, 
the beach-lines ; the torrents, also, having continued 
to gain in force bj^ the continued elevation increasing 
their total descent from their sources to the sea. This 
slow rising of the Cordillera, which explains so well the 
otherwise inexplicable origin and structm-e of the ter- 
races, judging from all known analogies, will probably 
have been inierrupted by many periods of rest- ; but we 
onglit not to expect to find any evidence of those periods 
ill the structure of the gravel-terraces: for, as the weaves 
at the heads of deep creeks have little erosive power, so 
the only effect of the sea having long rcmiained at the 
same level will be that the upper piarts of the creeks 
will have become filled up at such periods to the level 
of the water with gravel and sand ; and that afterwards 
the rivers will have thrown down on the filled-up parts 
a tains of similar matter, of which the inclination (as 
at the head of a partially filled-iip lake) will have been 
determined by the supply of detritus, and the force of 
the stream.^ Hence, after the final conversion of the 
creeks into valleys, almost the only difference in the 
terraces at those points at which the sea st^ood long, will 
be a somewhat more gentle inclination, wdth river-worn 
instead of sea-worn detritus on the surface, 

I know of only one difficulty on the foregoing view, 
namely, the far-transport(Kl blocks of rock high on the 
sides of the valley of the Oachapnal : I will not attempt 
any explanation of this phenomenon, but 1 may state 

valleys of most of the Kuropuan ranges, had not cTory trace of tliem, an<l 
all wrecks of gea*action, been swept away hy the glaciers which have 
since occupied them. I have shown that this is the case with the 
mountains, ‘Ixmdon and Edin. Phil. Jonnial,’ vol. xxi. p. 187) of North 
Wales. 

* I have attempted to explain this process in a more detailed 
manner, in a letter to Mr. Maclarcn, piiblislied in the ‘ Edinburgh New 
Phil. Journal/ vol. xxxv. p, 288. 
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my belief that a mountain-ridge near the Baths of Cau- 
quenes has been upraised long subseqiieiitly to all the 
other ranges in the neighbom*hood, and that when this 
was effected the whole face of the country must have 
been greatly altered. In the course of ages, moreover, 
in this and other valleys, events may have occurred like, 
but even on a gi-ander scale than, that described by 
Molinad when a slip during the earthquake of 1762 
banked up for ten days the great river Lontuo, which 
then bursting its barrier ‘ inundated the whole country,’ 
and doubtless transported many gi*eat fragment, s of rock. 
Finally, notwithstanding this one case of difficulty, I 
cannot entertain any doubt, that these terrace-like 
fringes, which are continuously united with tht* basin- 
shaped plains at the foot of the Cordillera, have been 
formed by the arrestment of river-borne detritus at 

‘ ‘ Compondio de la &c. 1. 1, p. 30. M. Broiifriiiart, iti his 

report on M. Gay’s hibours (‘Annales des Sciences/ 183ii) considers 
that the boulders in the CWhapual belong to the same class "wilh tho 
erratic lajulders of Europe. As the blocks whicdi I saw arorr.t gigantic, 
and especially as they are nut angular, and as they have not been 
transport(‘d fairly across^ low spjices or wnle A’alleys, I am unwilling to 
class them with those, which, both in the nortliern and southern 
hemisphere (■ Geolog. Trausae.’ toI. vi. p. 415), have been transported by 
ice. It is to be hoped, that when M. Gay’s long-continm'd and 
admirable labours in Chile are published, more light will be tlirown on 
thissnbjpit. However, the boulders may liave been primarily trans- 
ported: tlie final position of those of porphyry, wind) have been 
described as aiTanged at the foot of the mountain in rude lines, I 
cannot doubt , lias been due to tlic action t>f wavt's on a beach. The 
valley of the (\ic)]Mpiial, in the part uljcre the boulders o(Vur, bursts 
through the lilgh ridge of Caiupienes, which runs ]>arallel to, but at 
some disraaec from, t lie Cordilb;ra. Tliis ri<lge has been subjected to 
oxcessivci violence ; trachytic lava has burst from it, and hot s])ririgsyct 
flow at its base. Seeing the enormous amount of denudation of solid 
rock in the upper and nmch broader jiarts of this Aailey where it 
enters tlie Cordillera, and seeing to wlmt extent the ridge <4’ Cauquenes 
now protects the great range, J could not help believing (as alluded 
to in the text) that this ridge with its trachytic eruptions had been 
thrown up at a much later period than tho Cordillera. If this has been 
the case, the boulders, after having been transported to a lowiievel by 
the torrents (which exhiliit in every valley proofs of their power of 
mo-Nung great fragments), may have been raised up to their present 
height, with the land on which they rested. 
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successive levels, in the same manner as we see now 
taking place at the heads of all those many, deep, 
winding fiords intersecting the soutliern coasts. To my 
mind, this has been one of i.he most important con- 
clusions to which my observations on the geology of 
South America have led me: for we thus learn that one 
of the grandest and most symmetrical inountain-clvains 
in the world, with its several parallel lines, ^ have ]>een 
together uplifted in mass between 7,000 and 9,000 
feet, in the same gradual manner as liave the eastern 
and western coasts within the recent period. 


Fomtation of Valleys. 

Tlje bulk of solid rock which has been removed in 
the lower parts of the valleys of the Cordillera has ]>een 
enormous : it is only by reflecting on such cases as that 
of the gravel beds of Patagonia, covering so many thou- 
sand square leagues of surface, and which if heaped into 
a ridge, w<.)uid form a mountain-range, almost equal to 
the Cordillera, that the amount of denudation becomes 
credible. The valleys within this range, often follow 


‘ I not vish to aitirm that all the lines haA'o been quite 

eciually; sliglit dilieivncM^s in the elevation would leave no pcrec'ptible 
eliect on the terraces. It may, however, he inlerred, ])erliaps vith one 
cjtoeption, lh;U since tlio perKKl when the sea oceujtied tlies(3 the 

several raiiges Inive not been dislocated by (fnai aial ahmpi faults or 
uj'heaA'uls ; for if such had occurred, the terraces of gj’av(‘) at iJieso 
points would not have? been continuous. Tin; one exception is at tlie 
lower end of a plain in the Valle del Veso fa branch of the Maypu), 
"where, at a great, height, the tt rrace.s and valley ap])ear to have been 
broken through by a line of nplieaval. of which the evidence is plain in 
the adjoining mountains; this di.slocation, perhaps, occurred after the 
elevation of this part of the valley above tlic level of the sea. The 
valley here is almost blocked up by a pih- above 1,000 feet in thickness, 
formed, as far as I could judge, from iJiree sides, ctitirely, or at least in 
eliihf part, of gravel anvl detritus. On the south side, tlio river has cut. 
quite through this mass ; on tlie northern side, and on the very .summit 
deep ravines, parallel to the lino of tlxe valley, are worn, as if the 
drainage from the valley above had pas.sed by these two lines Ijcforo 
following its present course. 
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anticlinal but rarely synclinal lines ; that is, the strata 
on the two sides more often dip from the line of valley 
than towards it. On the flanks of the range, the valleys 
most frequently run neither along anticlinal nor syn- 
clinal axes, but along lines of flexure or faults ; that is, 
tlie strata on both sides dij) in tlie same direction, but 
with different, though often only slightly different, 
inclinations. As most of the nearly paralhd ridges 
whicli together form the Cordillera run approximately 
north and south, the east and west valleys cross them 
in zig-zng linos, bursting through the points where the 
strata have been least inclined. No doubt the greater 
part of tlie denudation was affected at tlie periods when 
tidal creeks occupied the valleys, and when the outer 
flanks of the mountains were exposiul to the full force 
of an open ocean. I have already alluded to the power 
of the tidal action in the channels connecting great 
bays ; and 1 may here mention that one of the smweying 
vessels in a channel of this kind, though under sail, 
wavS wliirled round and round by the force of the current. 
We shall hereafter see, that of the two main ridges 
forming the Chilian Cordillera, the eastern and loftiest 
one, owes the greater part of its angular upheaval to a 
period subsequent to the elevation of the western ridge; 
and it is likewise probable that many of the other 
])arallel ridges have been angularly nphoaved at difierent 
periods ; consecpiently many parts of the surfaces of 
t hese mountains must formerly have been exposed to 
the full force of the waves, which, if tlie Cordillera 
were now sunk into the sea, would bo protected by 
parallel chains of islands. The torrents in tlie valleys 
certainly have great jiower in wearing the rocks ; as 
could be told by the dull rattling sound of the^inany 
fragments night and day huiTving downwards ; and as 
was attested by the vast size of certain fragments, which 
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I was assured had been earned onwards during floods ; 
yet we have seen in the lower parts of the valleys, that 
the torrents have seldom removed all the sea-checked 
shingle forming the terraces, and have had time since 
the last elevation in mass only to cut in the under- 
lying rocks, gorges, deep and narrow, but quite insigni- 
ficant in dimensions compared with the entire wfidth 
and depth of the valleys. 

Along the shores of the Pacific, I never ceased 
during my many and long excursions to feel astonished 
at seeing every valley, ravine, and even little inequality 
of surface, both in the hard granitic and soft tertiary 
districts, retaining the exact outline, whicli they liad 
when the sea left their surfaces coated with organic 
remains. When these remains sliall have decayed, 
there will be scarcely any diflerence in appearance be- 
tween this line of coast-land and most other couptries, 
wdiich we are accustomed 1o believe have assumed their 
present features chiefly throng] i the agency of the 
weather and fresh-water streams. In the old granitic 
districts, no doubt it would be rash to attribute all the 
modifications of outline exclusively to tlie sea-action ; 
for who can say liow often this lately submerged coast 
may not previously Imve existed as land, worn by run- 
ning streams and washed by rain ? This source of doubt, 
however, does not apply to the districts superficially 
formed of the modern tertiary deposits. The valleys 
woni by the sea, through the softer formatirms, both on 
the Atlantic and Pacific sides of the <!ontinent, are 
generally broad, winding, and flat-bottomed : the only 
district of this nature now penetrated by arms of the 
sea, is the island of Chiloe. 

Finally, the conclusiot?* wdiicli I have arrived, 
with respect to the relative pow^i-fT of rain and sea water 
on the land, is, that the latter is far the most eflScient 
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agent, and that its chief tendency is to widen the 
valleys; whilst torrents and rivers tend to deepen them, 
and to remove the wreck of the sea’s destroying action. 
As the waves have more power, the more open and ex- 
pojied the space may he, so will they always tend to 
widen more and more the mouths of valleys compared 
with their upper parts: hence, doubtless, it is, that 
most valleys expand at their mouths,— that part, at 
which the rivers flowing in them, generally have the 
least wearing power. 

When reflecting on the action of the sea on the 
land at former levels, the effect of the great waves, 
which generally accompany earthquakes, must not be 
overlooked : few years pass without a severe earthquake 
occurring on some part of the west coast of South 
America, ; and the waves thus caused have great power. 
At Concepcion, after the shock of 1835, I saw large 
slabs of sandstone, one of which was six feet long, three 
in ])readth, and two in thickness, thrown high up on 
the beach ; and from the nature of the marine animals 
still adhering to it, it must have been torn up from a 
considerable de))th. On the other hand, at Callao, the 
recoibwave of the earthquake of 174-0 carried great 
masses of hr ickwmrk, between three and four feet square, 
some way out seaward. During the course of ages, the 
effect thus produced at each successive level, cannot 
have been small ; and in some of the tertiary deposits 
on this line of coast, I observed great boulders of 
granite and other neighbouring rocks, embedded in 
fine sedimentary layers, the transportal of which, except 
by the means of earthquake-waves, alw’ays appeared to 
me inexplicable- 
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Snpevficiid Saline Deposits, 

This subject may be here conveniently treated of : 
I will begin with the most interesting case, namely, 
the superficial saline beds near L]uique in Peru. The 
porphyritic mountains on the coast rise abruptly to a 
height of betwe(Ui 1,900 and 3,000 feet: between their 
summits and an inland plain, on which the celebrated 
deposit of nitrate of soda lies, there is a high unduhitory 
district, covered by a remarkable superheial saliferous 
crust, chiefly composed of common salt, either in white, 
hard, opaque nodules, or mingled witli sand, in this 
latter case forming a compact sandstone. TJiis sali- 
ferous superficial crust extends from the edge of tlie 
coast-escarpment, over the whole face of tlie country ; 
but Tiever attains, as I am assured l)y Mr. P)ollaert 
(long resident here) any great thickness. Altliougli a 
very slight shower falls only at intervals of many years, 
yet small funnel-shaped cavities show^ tliat tlie salt has 
been in some parts dissolved.' In several ]>!aces 1 saw 
large patches of sand, quite jnoist, owing to the (|uan- 
tity of muriate of lime (as ascertained by Mr. T, Keeks) 
contained in them. From the compact salt-cemented 
sand being either red, purplish, or yellow, according 
to the colour of the rocky strata on which it rested, 
I imagined that this substance had probably been 
derived tlirough common alluvia] action from tlie layers 
of salt which occur interstrati fied in the surrounding 
mountains : but from the interesting details given by 

* It is sin^ilar how slowly, acoordincr to the ohsorvations of J\I. 
Cord ier on the salt-moiintain of Cardon.a in Spain (‘Ann. cles Mines, 
Transl. of Geolor?. Mem/ by De Ja llecho, p.OO). is dissolved, where 
the amount of rain i.s supposed if) be ns nmcli ns lU-t of lui incli in the 
year. It is calculated that only five feet in thiekness is dissolved in the 
course of a centur}\ 
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M. d’Orbigny, and from finding on a fresh examination 
of this agglomerated sand, that it is not irregularly 
cemented, hut consists of thin layers of sand of different 
tints of colour, alternating with excessively fine paral- 
lel layers of salt, I conclude that it is not of alluvial 
origin. M. d’Orbigny * observed analogous saline beds 
extending from Cobija for five degrees of latitude 
northward, and at heiglits varying from 600 to 900 
feet : from finding recent sea-shells strewed on these 
saliferous beds, and under them, great, well-rounded 
blocks, exactly like those on the existing beach, he 
believes tliat the salt, Tvhich is invariably superficial, 
has been left, by the evaporation of the sen-water. This 
same conclusion must, I now believe, be extended to 
the superficial saliferous beds of Iquicjue, though they 
stand about 3,000 feet above the level of t he sea. 

Associated with the salt in tlie superficial l)c(ls, 
there are numerous, thin, horizontal hwers of impure, 
dirty-wJiite, fria])le, gypseous and calcareous tuffs. The 
gyps(H>us beds are very remarkable, from abounding 
with, so as sometimes to be almost composed of, irregu- 
lar concretions, from the size of an egg to that of a 
man’s head, of very hard, compact, hea \7 gypsum, in 
tlie form of anhychitc. This gypsum contains some 
foreign particles of stone ; it is stained, judging from 
its action with borax, with iron, and it exhak\s a strong 
aluminous odour. The surfaces of the concretions are 

* ‘Voyage,’ &c, p. 102. M. cl'OrbiijJiy found this dt^posit inter- 
sected, in places, by deep ravines, in which there was no salt. 

Streams inust onc^ though historically urdenown, have flnwi'd in them ; 
and M. d’Orbigny argues from the pre'^ence of Tmdissr)lved salt over the 
whole surrounding country, that the streams must liave arisen from 
rain or snow having fallen, not in the adjoining country, but on the now 
arid Cordillera. I may remark, that from having observexi ruins of 
Indian buildings in absolutely sterile parts of the Chilian Cordillera 
(' Journal,’ 2nd edit. p. J57), 1 am led to believe that the cHmltle, at a 
time when Indian man inliahitcd this part of the continent, w'as in 
some slight degree more humid than it is at present. 
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marked by sharp, radiating, or bifurcating ridges, as if 
they had been (but not really) corroded : internally 
they are penetrated by branching veins (like those of 
calcareous spar in the septaria of the London clay) of 
pure white anhydrite. These veins might naturally 
have been thought to have been formed by subsequent 
infiltration, had not each little embedded fragment of 
rock been likewise edged in a very remarkable manner 
by a narrow border of the same white anhydrite : this 
shows that the veins must liave been formed by a pro- 
cess of segregation, and not of infiltration. Some of 
the little included and cradled fragments of foreign 
rock are penetrated ])y the anhydrite, and portions have 
evidently been thus mechanically displaced : at St. 
Helena, I observed that calcareous matter, deposited by 
rain-watc]’, also had the power to separate small frag- 
ments of rock from the larger masses. 1 believe the 
superficial gypseous deposit is widely extended : I re- 
ceived specimens of it from Pisagna, forty miles north 
of Iquiqiie, and likewise from Arica, where it coats a 
layer of pure salt, M. d’Orbigny^ found at C^obija a 
Ix^d of clay, lying above a mass of upraised recent shells, 
which was saturated with sulphate of soda, and included 
thin layers of fibrous gypsum. These widely extended, 
superficial, beds of salt and gypsum, appear to me an 
interesting g<x>logical phenomenon, which could be pre- 
sented only under a very dry climate. 

The plain or basin, on tlie borders of which the 
famous bed of nitrate of soda lies, is situated at a 
distance of alx)ut thirty miles from the sea, l>eing sepa- 
rated from it by the saliferous district just described. 
It stands at a height of 3,300 feet ; its surface is level, 
and some leagues in width; it extends forty miles 
northward, and has a total length (as I was informed 
* ‘ Voyage Geolog.’ &c. p. 95. 
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by Mr, Belford Wilson, the Consul-General at Lima) 
of 420 miles. In a well near the works, thirty-six 
yards in depth, sand, earth, and a little gmvel were 
found : in another well, near Almonte, fifty yards deep, 
the whole consisted, according to Mr. Blake, ^ of clay, 
including a layer of sand two feet thick, which rested 
on fine gravel, and this on coarse gravel, with large 
rounded fragments of rock. In many parts of this now 
utterly desert plain, ruslies and large prostrate trees in 
a liardened state, apparently Mimosas, are found buried, 
at a depth from three to six feet ; according to Mr. 
Blake, they have all fallen to the south-west. Tlie bed 
of nitrate of soda is said to extend for forty or fifty 
leagues along the western margin of tlie plain, but is 
not found in its central parts : it is from two to three 
feet in thickness, and is so hard that it is generally 
blasted with gunpowder; it slopes gently upwards from 
the edge of the plain to between ten and thirty feet 
above its level. It rests on sand in which, it is said, 
vegetable remains and broken shells have been found ; 
shells have also been found, according to Mr. Blake, 
both on and in the nitrate of soda. It is covered by 
a superficial mass of sand, containing nodules of common 
salt, and, as I was assured by a miner, much soft gyp- 
seous matter, precisely like that in the superficial crust 
already described ; certainly this crust, with its charac- 
teristic concretions of anhydrite, comes close down to 
the edge of the plain. 

The nitrate of soda varies in purity in different 
parts, and often contains nodules of common salt. 
According to Mr. Blake, the proportion of nitrate of 
silver varies from twenty to seventy-five per cent. An 

* .See an admirahle paper, ‘Greolog. and MiscelL Notices of Tarapaca,* 
in Silliman’s ‘ American Journal, vol. xiiv. p. 1. 
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analysis by Mr, A. Hayes, of an 

average specimen, 

gave — 


Nitrate of Slocla .... 

. 64-98 

8u1})liHte of Soda .... 

. 300 

Chloride of Soda .... 

. 28T)9 

Iodic SaltN .... 

. 0*03 

Shells and Marl .... 

. 2-00 


99-90 


The ^ mother water ’ at some of the refineries is very 
rich in iodic salts, and is sup])Osed ^ to contain inuch 
muriate of lime. In an unrefined specimen brought 
home by myself, Mr. T. Keeks has ascertained that the 
muriate of lime is very abundant. With respect to the 
origin of this saline mass, from tlie manner in whicli 
the gently inclined, compact bed follows for so many 
miles the sinuous margin of tlje plain, there can be no 
doubt that it was deposited from a sheet of wate]‘ : from 
the fragments of embedded sliells, from tliC abundant 
iodic salts, from the superficial saliferous crust occur- 
ring at a liigher level and being pro])ab]y of marine 
origin, and from the plain resembling in form tliose of 
Chile and that of Uspnllata, there can he little doubt 
that this sheet of water was, at least originally, con- 
nected with the sea.2 

mperficlal^ saline Inerv stations, — These 
saline incrustations are common in many parts of 
America ; Humboldt met with them on the table-land 

* ‘LiO'rary nazettc/ 1841, p, 47.'). 

* From an official ffoctunetit, shown nm by ]\ir. jF4fi)rd Wilson, it 
appears that the first export of nitrate of soda to Europe was in July 
1830, on French account, in a Erltish ship : — 


Quintals, 

In 1830, the entire export was . . , 17,300 

1831, „ M ... 40,885 

1832, „ „ ... 51,400 

1833, „ M ... 91,335 

1834, „ „ ... 149,538 


The Spanish cjaintal nearly eqttais 100 Fnglish pounds. 
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of Mexico, and the Jesuit Falkner arid other authors ' 
state that they occur at intervals over the vast plains 
extending from the mouth of the Plata to Eioja and 
Catamarca. Hence it is that during droughts, most of 
the streams in tlie Pampas are saline. I nowhere met 
with these incrustations so abundantly as near Bahia 
Blanca : srpiare miles of the mud-fiats, which near that 
place are raised only a few feet above the sea, just 
enough to protect tlicui from being overflowed, appear, 
after dry weatluu’, whiter than tlie ground after the 
thickest hoar-frost. After rain the salts disappear, and 
every puddle of water becomes highly saline ; as the 
surface dries, the capillary action draws the moisture up 
pie(*es of broken earth, dead sticks, and tufts of grass, 
where th(^ salt efiloresces. The incrustation, where 
thickest, does not exceed a (piarter of an inch. M, 
Pan'liappe has anal3'scd it: and timls tliat tlie speci- 
mens collected at the extreme head the low ])lain. 
near the K. Manuelo, cemsist of niiudy-tliree per cent, 
of sulphate of soda, and seven of common vSalt ; whilst 
the specimens takim close to the coast contain only 
sixty-three per cent, of the sulpliate and thirty-seven 
of the muriate of soda. Tliis remarkable fact, together 
with our knowledge that tlie whole of this low muddy 
plain lias been covered by the sea wuthin the recent 
period, must lead to the suspicion tliat tlie common 
salt, by some unknown process, becomes in time 
changed into the sulphate. Friable calcareous matter 
is here abimdant, and tlie case of the apparent double 
decomposition of the shells and salt on S. Lorenzo, 
should not be forgotten. 

The saline incrustations, near Bahia Blanca, are not 

‘ Afyird (‘Travels,’ vol. i. p. 60) conBiders that the Parana the 
eastern hoiiiRlary of the saliferous region; but I heard of ‘salitrales’ 
in iho rm’ince of Kntre Kios. 

^ jVI, cl’Orbigii/ti ‘ Voj^uge,’ &c. Part, Hist. tom. i. p, 664. 
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confined to, though most abundant on, the low muddy 
flats ; for I noticed some on a calcareous plain between 
thirty and forty feet above the sea, and even a little 
occurs in still higher valleys. Low alluvial tracts in 
the valleys of the rivers Negro and Colorado are also 
encrusted, and in the latter valley such spaces appeared 
to be occasionally overflowed by the river. I observed 
saline incrustations in some of the valleys of southern 
Patagonia. At Port Desire a low, flat, muddy valley 
was thickly incrusted ]>y salts, which on analysis by 
Mr, T. Reeks, are found to consist of a mixture of sul- 
pliate and muriate of soda, with car]>oiKite of lime and 
earthy matter. On the western side of the continent, 
tlie southern coasts are much too liiimid for this phe- 
nomenon; but in northern Chile I again met witl) 
similar incrustations. On the hardened mud, in parts 
of i]\e broad, flat-liottomed valley of Copiapo, the saline 
matter incrusts the ground to the thickness of some 
inches: specimens, sent by Mr. Bingley to Apothe- 
caries’ Hall for amUysis, were said to consist of car- 
bonate and sulphate of soda. Much sulphate of soda is 
found in the desert of Atacama- In all parts of S. 
America, the saline incrustations occur most frequently 
on low damp surfaces of mud, where the climate is 
rather dry; and tliese low surfaces have, in almost 
every case, been upraised above the level of the sea, 
within the recent period. 

Salt-lakes of Patagonia and La Plata, — Salinas, 
or natural salt-lakes, occur in various formations on the 
eastern side of the continent, — in the argillaceo-calca- 
reous deposit of the Pampas, in the sandstone of the 
Rio Negro, where they are very numerous, in the pumi- 
ceous and other beds of the Patagonian tertiary forma- 
tion, and in small primary districts in the midst of this 
latter formation. Port S. .Tiilian is the most southerly 
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point (lat. 49® to 50®), at which salinas are known to 
occur.* The depressions, in which these salt-lakes lie, 
are from a few feet to sixty metres, as asserted by 
M. d’Orbigny,^ below the surface of the surrounding 
plains ; and, according to this same author, near the 
Rio Negro they all trend, either in the NE, and SW, 
or in E. and W. lines, coincident with the general slope 
of the plain. These depressions in the plain generally 
have one side lower than the others, but there are no 
outlets for drainage. Under a less dry climate, an 
outlet would soon liave been formed, and the salt 
washed away. The salinas occur at different elevations 
above the s(‘a ; they are often several leagues in dia- 
meter ; they are generally very shallow, but there is a 
deep one in a quartz-rock formation near C. Blaneor In 
the wet season, the whole, or a part, of the salt is dis- 
solved, being redeposited during the succeeding dry 
season. At this period the appearance of the snow- 
white expanse of salt crystallised in great cubes, is very 
striking. In a large salina, northward of the Rio Negro, 
the salt at tlie lK)ttom, during the whole year, is between 
two and three feet in thickness. 

The salt rests almost always on a thick bed of black 
muddy sand, which is fetid, probably from the decay 
of the burrowing worms inhabiting it.^ In a salina, 
situated about fifteen miles above the town of El Car- 
men on the Rio Negro, and three or four miles from 
the banks of that river, I observed that this black mud 
rested on gravel with a calcareous matrix, similar to 
that spread over the whole surrounding plains : at Port 

‘ According to Azara (‘Travels/ vol. i. p. 50) there are salt lakes as 
far north as Chaco (lat. 25®), on the banks of the Vermejo. The salt 
lakes of Siberia appear (Pallas’s ‘ Travels/ Enpjlish Trans, vol. i. p.^284) 
to occur in very siinilar depressions to those of Patagonia. 

“ ‘ Voyaiire G^olog/ p. 03. 

* Prof. Elirenberg examined some of this muddy sand, but was 
unable to find in it any infusoria. 
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St. Julian tlie mud, also, rested on the gravel : hence 
the depressions must have been formed anteriorly to, 
or contemporaneously with, the spreading- out of the 
giuvel, I was informed that one small salina occurs in 
an alluvial plain within the valley of the Eio Negro, 
and therefore its origin must he subsequent to the exca- 
vation of that valley. When I visited the salina, fifteen 
miles above the town), the salt w^as beginning 1o crystal- 
lise, and on the muddy bottom there were lying many 
crystals, generally placed cross-ways of sulphate of sofla 
(as ascertained by Mr. Eeeks), and embedded in the? mud, 
niunerous crystals of sulphate of lime, from one to three 
inches in length : M. d'Orhigny ^ staters that some of 
these crystals are acicnlar and more than even nine 
inches in length ; others are maclod and of g-j'eat purity : 
those I found all ecuitained some sand in their centres. 
As the black and fetid sand overlies the gravel, and 
that overlies the regular tertiary strata, I tliink there 
cmi be nt) doubt that these remarkable crystals of sul- 
pliate of lime have been deposited from tlie waters of 
the lake. The iidiubitanls call the crystals of selenite, 
the padre, del sa/, and those of the snlpliate of soda, 
tile madre del Sid ; they assured me that both are found 
under the same circumstances in several of the neigh- 
bouring salinas ; and that Ibe sulphate of soda is an- 
nually dissolved, and is always crystallised before the 
ctunrnon salt on tlu^ muddy bottom.^ The association 
of gypsum and salt in this case, as well as in the super- 
ficial deposits of Iquique, appears to me interesting, 
considering how generally tliese substances are associated 
in the older stratified formations. 

* ‘ Voy.'ii^o Gcolo^?/ p. 64. 

* This is what mijLrht have been oxpfctci ; for M. lialiml asserts 
(‘Acad, des Sciesnees,’ Oct. 7, 1844) tlial sulphate of soda is preei])itate;l 
from solution more readily from water containing muriate of soda in 
excess, than from pure water. 
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Mr. Reeks has analysed for me some of the salt 
from the salina near the Rio Negro, he finds it com- 
posed entirely of chloride of sodium, with the exception 
of 0*26 of sulphate of lime and of 0*22 of earthy matter; 
there are no traces of iodic salts. Some salts from tlie 
salina Chiquitos in the Pampean formation, is equally 
pure. It is a singular fact, that the salt from tliese 
saliiias does not serve so well for ])reserving meat, as 
sea-salt from tlie Cape de Verde Islands ; and a mer- 
chant at Ruenos Ayres told me that he considered it as 
fifty per cent, less valuable. The purity of the Pata- 
gonian salt, or absence from it of those other saline 
])odies found in all sea-water, is the only assignable 
cause for Ibis inferioriiy ; a conclusion which is sup- 
ported by the fact lately ascertained,^ that those salts 
answer best for ]>reserving cheese which contain most of 
the deli(|uescent chlorides.^ 

With respect to tlie origin of the salt in the salinas, 
the foregoing analysis seems opposed to the view enter- 
tained l)y M. d’Orbigny and others, and which seems 
80 proliable considering the recent elevation of this line 
of coast, namely, that it is due to the evaporation of 
sea-water and to the drainage from the surrounding 
strata impregnated with sea-salt. I was informed (I 
know not whether accurately) that on tlie northern side 
of the salina on the Rio Negro, there is a small brine 
spring wliicli flows at all times of the year : if this be 
so, the salt in this case at least, proliably is of subter- 
ranean origin. It at first appears very singular that 


‘ ‘ liort. and Ap:riciilt. Gazette,’ ISU), p. 93. 

^ It would prol)ably well answer for the merchants of Uuenos Ayres 
(consideiinjLj^ the groat eousimiption there of salt for preserving meat) 
to inipf>rl the d<‘li<]ucso'ont clilorides to mix with the salt fr<^m the 
salinas: I may call atLenti(m to the fact, that at I(jiii(]ue, large 
quant, ity of muriate of lime, left in the wotheT-water during the rolino" 
ment of the nitrate of so, la, is annually thrown uw'uy. 
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fresh- water can often be procured in wells, ^ and is some- 
times found in small lakes, quite close to these salinas* 
I am not aware that this fact bears particularly on the 
origin of the salt ; but perhaps it is rather opposed to 
the view of the salt having been washed out of the 
surrounding superficial strata, but not to its having 
been the residue of sea-water, left in depressions as the 
land was slowly elevated. 

” Sir W. Parish states (‘ Puenos Ayres,’ &e, pp. 122 and 170) that 
this is the oese near the great salinas westward of the S. Ventana. I 
have seen siiuilar statements in an ancient M8. Journal lately jnihlishcd 
by S. Angelis. At Jqnique, where tho surface is so thickly encrusted 
with saline matter. I tasted water only slightly brackisj], pntcured in a 
well tliirty-six yards deep ; but hero one feels less surprise at its presence, 
as pure water might percolate, under ground from tiie not very disbuit 
Cordillera. 



CHAPTER XI. 


ON TUB FORMATIONS OF THE PAMTAS. 

Mineralogical conAtUiitUm- —Microscopical structure— ButnosAgres, shells 
embedded in iosca^rock—Biioios Ayres to the Colorado — S. Vchiana — 
Bahia Blanca ; M. lienuoso, hones and. infusoria of] P. Alfa, shells 
bones and infusoria of ] co-existence of the recent shells and eviinct mam- 
mifers— Buenos Ayres to St. Fc — Skeletons of Alastodon — Infusoria 
— inferior marine tertiary strata, their age — Iptrse's tooth. JIanda 
Oeihntal — Superficial Pancpcaa formation — Inferior tertian/ strata, 
variation of, connected with volcatiic action ; Macrauehcnni Pata- 
chonica at S. Jtdian in Patagonia, age of, suhseejurnt to livi ik/ molt usca 
and to the erratic block period. Summaux — Area of Pa mpean formation 
— Theories of origin — Source of sedimmt — Estuary origin — Contem-' 
porantous with existing mollusca —Belations to underlying nrtiary 
strata — Ancient deposit of estuary origin — El.fvaiion and successive 
deposition of the Panqjean formation — Ntimher and state of the 
n mains of mam mifers ; their habitation, food, cxlinciion, and range — 
Conclusion — Localities in Pampas at which mammiferous remiins have 
been found. 


The Pampean formation is liiglily interesting from its 
vast extent, its disputed origin, and from the number 
of extinct gigantic mammifers embedded in it. It has 
upon the whole a very uniform character ; consisting of 
a more or less dull reddish, slightly indurated, argil- 
laceous earth or mud, often, but not always, including 
in horizontal lines concretions of marl, and frequently 
passing into a compact marly rock. The mud, where- 
ever I examined it, even close to the concretionjg, did 
not contain any car])onate of lime. The concretions are 
generally nodular, sometimes rough externally, some- 
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times stalactiformed ; they are of a compact structure, 
but often penetrated (as well as the mud) by hair-like 
ser))entine cavities, and occasionally with irregular 
fissures in their centres, lined witli minute crystals of 
carbonate of lime; they are of white, brown, or pale 
pinkisli tints, often marked by black dendritic man- 
ganese or iron ; they are either darker or lighter tinted 
than tlie surrounding mass ; they contain much car- 
bonate of lime, liiit exhale a strong aluminioiis odour, 
and leave, wlien dissolved in acids, a large but varying 
residue, of wliich the greater ])art consists of wind* 
These concretions often unite into irregular si rata; and 
over very large tracts of country, the entire mass consists 
of a hard, but generall}^ cavernous marly rock : some 
of the varieties might be called calcareous tutfs. 

Dr. C’afpenter lias kindly examined under the mi- 
croscope, sliced and polished specimens of tliese concre- 
tions, and of the solid marl-rock, collected in various 
places between the Colorado and St. Fe Bajada. In 
the greater number, Dr, Car[)euter finds that the whole 
substance presents a tolerably uniform aiuorpbous char- 
acter, ])ut with trac.es of incipient crystalline meta- 
rnorpliojis ; in othcir specimens he finds microscopically 
minute rounded concretions of an amorphous substance 
( resembling in size those in oolitic rocks, but not having 
a concentric structure), united ])y a cement which is 
often crystalline. In some. Dr. Carpenter can perceive 
distinct traces of shells, corals. Poly thalaini a, and rarely 
of spongoid Inxlies. For the sake of comparison, I sent 
I)j’. Carpenter specimens of the calcareous rock, formed 
chiefly of fragments of recent shells, from Coquimbo in 
Chile : in one of these specimens, Dr. Carpenter finds, 
besides the larger fragments, microscopical particles of 
shells, and a varying quantity of opaque amorphous 
matter ; in another specimen from the same bed, he 
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finds tlie whole composed of the amorphous matter, 
with layers showing indications of an incipient crystal- 
line metamorphosis : hence these latter s]>ecimens, botli 
in external appearance and in microscopical structure, 
closely resemble those of the Pampas. Dr. Carpenter 
informs me that it is well known that chemical preci- 
pitation throws down carbonate of lime in the opaque 
amorphous state ; and he is inclined to believe that the 
long-continued attrition of a calcareous body in a state 
of crystalline or semi-crystalline aggregation (as, for 
instance, in the ordinary shtdls of Mollusca, which, 
when sliced, are transparent) may yield .same result. 
From tlio intimate relation between all tlie Co<[uimbo 
sp<*cimens, I can hardly doubt tliat the amorphous 
carbonate of lime in them has resulted from the attri- 
t ion and decay of the larger fragments of sliMl : wdiether 
tlie amorplious matter in the iiiarly rocks of the Pampas 
has likewise thus originated, it would be liazardous to 
conjecture. 

For convenience sake, 1 will call the marly rock by 
the name given to it by the inhabitants, namely, Tosoa- 
rock; and tlie reddish argillaceous earth, Pampean 
mud. This latter substance, I may mention, has been 
(ixamiued for me by Professor Ehren])erg, and the 
result of his examination will be given under the proper 
localities. 

I will commence iny descriptions at a central spot, 
namely, at Biienos Ayres, and thence proceed first south- 
ward to the extreme limit of the deposit, and afterwards 
northward. The plain on which Buenos Ayres stands 
is from thirty to forty feet in height. The Pampean 
mud is here of a rather pale colour, and includes small 
nearly wdiite nodules, and other irregular strata of an 
unusually arenaceous variety of tosca-rock. In a w^ell at 
the depth of seventy feet, according to Ignatio Nunez, 



3 i 6 Pampean Formation, pabt il 

much tosca-rock was met with, and at seveml points, 
at 100 feet deep, beds of sand have been found, I have 
already given a list of the recent marine and estuary 
shells found in many parts on the surface near Buenos 
Ayres, as far as three and four leagues from the Plata. 
Specimens from near Ensenada, given me by Sir W. 
Parish, where the rock is quarried just beneath the 
surface of the plain, consist of broken bivalves, cemented 
by and converted into, wliite crystalline carbonate of 
lime. I have already alluded, in the first chapter, to 
a specimen (also given me by Sir W. Parish) from the 
A. del Tristan, in w'hich shells, resembling in every 
respect the Jzara lahmta^ d’Orbig., as far as their 
w^orn condition permits of comparison, are embedded in 
a reddish, softish, somewhat arenaceous marly rock : 
after careful comparison, with the aid of a microscope 
and acids, I can perceive no difference between the 
basis of this rock and the specimens collected by me 
in many parts of the Pampas. I have also stated, on 
the authority of Sir W. Parish, that northward of 
Buenos Ayres, on the Ijighest parts of the plain, about 
forty feet al>ove the Plata, and two or three miles from 
it, numerous shells of the Azara lnhiata (and I believe 
of Venvs slnuosa) occur embedded in a stratified 
earthy mass, including small marly concretions and said 
to be precisely like the great Pampean deposit. Hence 
we may conclude that the mud of the Pampas continued 
to be deposited to within the period of this existing 
estuary shell. Although this formation i'c of otich 
immense extent, I know of no other instance of the 
presence of shells in it 

Buenos Ayres th^ Rio Colorado , — With the 
exception of a fev metamorpliic ridges, the country 
between these two points, a distance of 400 geographical 
miles, belongs to the Pampean formation, and in the 
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soutliem part is generally formed of tbe harder and 
more calcareous varieties, I will briefly describe my 
route : about twenty- five miles SSW. of the capital, 
in a well forty yards in depth, the upper part, and, as I 
was assured, the entire thickness, was formed of dark 
red Pampean mud without concretions. North of the 
R, Salado, there are many lakes ; and on the banks of 
one (near tlie Giiardia) there was a little cliff similarly 
composed, but including many nodular and stalactiform 
concretions : I found here a large piece of tesselated 
armour^ like that of tlie Glyptodon, and many fragments 
of bones. The cliffs on the Salado consist of pale- 
coloured Pampean mud, including and passing into 
great masses of tosca-rock: here a skeleton of the 
Megatherium and the bones of other extinct quadrupeds 
(vsee the list at the end of this chapter) \Yere found. 
Large quantities of crystallized gypsum (of which 
specimens were given me) occur in the cliffs of this 
river ; and likewise (as I was assured by Mr. L\imb) in 
the Pampean mud on the E. Chuelo, seven leagues 
from Buenos Ayres : I mention this because M, dX)r- 
bigny lays some stress on the supposed absence of this 
mineral in the Pampean formation. 

Southward of the Salado the country is low and 
swampy, with tosca-rock appearing at long intervals at 
the surface. On the banks, however, of the Tapalguen 
(sixty miles south of the 8alado) there is a large extent 
of tosca-rock, some highly compact and even semi- 
crystalline, overlying pale Pampean mud with the usual 
concretions. Tliirty miles further south, the small 
quartz-ridge of Tapalguen is fringed on its northern 
and southern flank, by little, narrow, flat-topped hills 
of tosca-rock, wliich stand higher than the surrounding 
plain. Between this ridge and the Sierra of Guitni- 
gueyu, a distance of sixty miles, the country is swampy, 
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with the tosca^rock appearing only in four or five spots : 
this sierra, precisely like that of Tapalguen, is bordered 
by horizontal, often cliff-bounded, little bills of tosca- 
rock, higher than the surrounding plain. Here, also, 
a new appearance was presented in some extensive and 
level banks of alluvium or detritus of the neighbouring 
metanaorphic rocks ; but I neglected to observe whether 
it was stratified or not. Between Gidtrii-giieyu and 
the Sierra V entana, I crossed a dry plain of tosca-rock 
higher than the country hitherto passed over, and with 
small pieces of denuded table-land of the same forma- 
tion, standing still higher. 

The marly or calcareous beds not only come np 
nearly horizontally to the northern and southern foot 
of the great quartzose mountains of tlie Sierra Ventana, 
Imt interfold between the parallel ranges. The sii])er- 
ticial beds (for I nowhei'e obtained sections more than 
twenty feet deep) retain, even close to the mountains, 
their usual character : the uppermost layer, however, 
in one place included pebbles of fpiartz, and n\sted on 
a mass of detritus of the same rock. At the very foot 
of tlie mountains, there were some few pil(‘s of cpiartz 
and tosca-rock detritus, including land-siiells ; but at 
the distance of only lialf a mile from these lofty, jagged, 
and battered mountains, I coiild net, to my great sur- 
prise, find on the boundless surface of the calcareous 
plain even a single pebble. Quartz-pebbles, however, 
of considerable size have at some period been trans- 
sported to a distance of ])etween forty and fifty miles to 
the shores of Bahia Blanca.^ 

The highest peak of the S. Ventana is, ])y Captain 
FitzRoy "s measurement, 3,340 feet, and the calcareous 
plain at its foot (from observations taken by some 

J ,Scbmultmeyer (‘Trards in Chile/ p. l/iO) states that he first 
noticed on the PampMS, very small bits of red trriinite, wJien fifty miles 
distant from the soiitliern extremity of the mountains of Cordora, 
which project on the plain, like a reef into tlie sea. 
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Spanisb officers *) 840 feet above tbe sea-level. On t))e 
flanks of the raountains, at a height of 300 or 400 feet 
above the plain, there were a few small patches of con- 
glomerate and breccia, firmly c(imented by femiginoiis 
matter to the abrupt and battered face of the quartz — 
traces being tlius exliibited of ancient sea-action. The 
high plain round this range sinks quite inscnsi])ly to 
the eye on all sides, except i>o the north, where its 
surface is broken into low cliffs. Eound the Sierras 
Tapalgiien, Guitru-gueyu, and between the latter 
and the Ventana we have seen (and shall hereafter 
see round some liills in Banda Oriental), that tlie 
tosca-rock forms low, flat-topped, c]ifl-]>ouiided hills, 
liiglnu’ tliari the surrounding plains of similar compo- 
sition. From the liorizontal stratification and from 
the appearance of tlie broken cliffs, the greater height 
of tile Pampean formation round these j)rimary hWl^ 
ought not to be altogether or in chief part attributed 
to tliese several points having been uplifted more ener- 
getically than the surrounding country, but to the 
argillaceo-ealeareous mud liaving collecU^d round them, 
wlieii they C‘xist(^d as islets or submarine rocks, at a 
greater lieight, tlian at the bottom of the iuljoiuing 
open sea;— the cliffs having been subsequently worn 
during the elevation of the whole country in mass. 

Southward of the Ventana, the plain extends farther 
than tlie eye can range; its surface is not very level, 
having slight depressions with no drainage exits ; it is 
generally covered by a few feet in thickness of sandy 
earth ; and in some places, according to M. Parchappe,^ 
by beds of clay two yards thick. On the banks of the 
Sauce, four leagues SK, of the Ventana, there is aii im- 
perfect section about 200 feet in height, displaying in 
the upper part tosca-rock and in the lower part red 

* ‘ La Plat-i,* &:c. l)y .Sir W. I*ari?<h, p. 14G. 

^ M. d’Orbigny, ‘ Voyage, Part. Geol(»g.* pp. 47, 4$. 
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Pampean mud. At the settlement of Bahia Blanca,' 
the uppermost plain is composed of very compact, 
stratified tosca-rock, containing rounded grains of 
quartz distinguishable by the naked eye : the lower 
plain, on which the Fortress stands, is described by 
M. Parchoppe ‘ as composed of solid tosca-rock ; but the 
sections which I examined appeared more like a re- 
deposited mass of this reck, with small pebbles and frag- 
ments of quartz. I sliall immediately return to the 
important sections on the shores of Bahia Blanca. 
Twenty miles southward of this place, there is a re- 
markable ridge extending W. by N. and E, by 8., 
formed of small, separate, flat topped, steep-sided hills, 
rising between 100 and 200 feet above the Pampean 
plain at its southern base, whicli plain is a little lower 
than that to the north. The uppermost stratum in 
this ridge consists of pale, highly calcareous, compact 
tosca-roek, r(isting (as seen in one place) on reddish 
Pampean mud, and tliis again on a paler kind : at the 
foot of the ridge, there is a well in reddish clay or 
mud. I have seen no other instance of a chain of hills 
belonging to the Pampean formation ; and as the 
strata show no signs of disturbance, and as the direc- 
tion of the ridge is the same with that common to all 
the metaraorphic lines in this whole area, I suspect 
that the Pampean sediment has in tliis instance been 
accumulated on and over a ridge of hard rocks, instead 
of, as in the case of the above-mentioned Sierras, round 
their submarine flanks. South of this little chain of 
tosca-rock, a plain of Pampean mud declines towards 
the banks of the Colorado ; in the middle a well has been 
dug in red Pampean mud, covered by two feet of white 
softisb, highly calcareous tosca-rock, over which lies sand 
with small pebbles three feet in thickness — the first 
appearance of that vast shingle formation described in 
^ M. d’Orbigny, * Voyage, Part. G6olog.* pp. 47, 48. 
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the eighth chapter. In the first section after crossing 
the Colorado, an old tertiary formation, namely, the Rio 
Negro sandstone (to be described in the nest chapter), is 
met with : but from the accounts given me by the G*au- 
chos, I believe that at the mouth of the Colorado the 
Pampean formation extends a little farther southwards. 

Bahia Blanca . — To return to the shores of this 
bay. At Monte Hermoso there is a good section, 
about 100 feet in height, of four distinct strata, appear- 
ing to the eye horizontal, but thickening a little 
i.owards tlie NW. The uppermost bed, a]>out twenty 
feet in thickness, consists of obliquely laminated, soft 
sandstone, including many pebbles of quartz, and fall- 
ing at the surface into loose sand. The second bed, only 
six inches thick, is a hairl, dark-coloured sandstone. 
The third bed is pale-coloured Pampean mud ; and 
the fourth is of the same nature, l)ui darker coloured, 
including in its lower part horizontal layers and lines 
of concretions of not very compact pinkish tosca-rock. 
The bottom of the sea, I may remark, to a distance of 
several miles from the shore, and to a depth of between 
sixty and one hundred feet, was found by the anchors 
to be comyicsed of tosca-rock and reddish Pampean 
mud. Professor Ebrenberg has examined for me sp(‘ci- 
inens of tlie two lower beds, and finds in them three 
Polygastrica and six Phytolitharia.^ Of these, only 
one (Sponf/olUhis Fustis?) is a marine form ; five of 
them are identical with microscopical structures, of 

* The following list is given in the ‘ Monatsherichten der kdnig. 
Akad, J5U Berlin/ April 184»^ : — 

Poi^YGASTEICA. 

Fragilaria rhabdosoma. j Pinnnlaiia ? 

Gallionolla distans, | 

Phytolitharia. ^ 

Lithodontium Bursa. Lithostylidium rude. 

„ furcatum, „ Serra. 

Lithostylidium exesuin. Spongolithis Fustis ? 
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brack ish-water origin, hereafter to be mentioned, form 
a central point in the Pampean foTination. In these 
two beds, especially in the lower one, bones of extinct 
mamrnifers, some embedded in their proper relative 
positions and others single, are very numerous in a small 
extent of the cliffs. These remains c<')nsist of, first, 
the liead of Cienomys allied to the living 

C. Brasiliensis ; secondly, a fragment of the remains 
of a rodent ; thirdly, molar teeth and other bones of a 
large rodent, closely allied to, but distinct from, the 
existing species of Hj'drochmnis, and thercdbre probably 
an inhabitant of fresh water; fourth and fifthly, portions 
of vertebne, limbs, ribs, and other bones of two rodents ; 
sixthly, bones of the extremities of some great mega- 
tiieroid quadrupodd The number of the remains of 
rodents gives to this collection a peculiar character, 
compared with those found in any other locality. All 
these bones arc compact and heavy ; many of them are 
stained rcid, with tlieir surfaces polished ; some of tlie 
smaller ones are as black as jet. 

Monte Hermoso is between fifty and sixty miles 
distant in a >SE. line fiom the Ventana, with the niter- 
mediate country gently rising towards it, and all con- 
sisting of the Pampean formation. What relation, 
then, do these beds, at the level of the sea and under 
it, bear to those on tlie flanks of the Ventana, at the 
height of 840 feet, and on the flanks of the other 
neighbouring sierras, which, from the reasons already 
assigned, do not appear to owe their greater height to 
unequal elevation ? When tlie tosca-rock was accumu- 
lating round the Ventana, and when, with the exception 
of a few small rugged primary islands, the whole wide 

’ See • Fosbil Mammalia/ (p. 1 09), hy Professor Owen, in the ‘ ZotJogy 
of the Voyage of the Beagle;’ and Catalogue (p. 36) of 
Eemains in Museum of Eoyal College of Surgeons/ 
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surroimding plains must have teen under water, were 
the strata at Monte Hermoso depositing at the bottom 
of a great open sea, between 800 and 1,000 feet in 
depth? I much doubt this; for if so, the almost per- 
fect carcasses of the several small rodents, the remains 
of which are so very numerous in so limited a space, 
must have been drifted to this spot from the distance 
of many hundred miles. It appears to me far more 
probable, that during the Pampean period this whole 
area had commenced slowly rising (and in the cliffs, at 
several different lieights, we have proofs of the land 
having been exposed to sea-action at several levels), and 
that tracts of laiul had thus btien formed of Pampean 
sediment round the Ventana and ilie otl)er primary 
ranges, on wbicli the several rodents and other quadru- 
peds jived, and that a stream (in which perhaps the 
extinct aquatic HydroclKerns lived ) drifted tlieir bodies 
into the adjoining sea, into which tiie Pampean mud 
continued to be poured from the nortli. As the land 
continued to rise, it appears tlrat this source of sediment 
was cut olf; and in its place sand and pebbles were 
borne down by stronger currents, and conformably de- 
posited over the Pampean strata. 

Punta Alta is situated about thirty miles higher up 
on the northern side of this same bay : it consists of 
a small plain, between twenty and thirty feet in height, 
cut otf on tlie shore by a line of low cliffs about a mile 
in length, represented in tlie diagram witii its vertical 
scale necessarily exaggerated. The lower bed (A) is 
more extensive than the upper ones; it consists of 
stratified gravel or conglomerate, cemented by calcareo- 
arenacooiis matter, and is divided by curvilinear layers 
of pinkish marl, of which some are precisely like tc^sca- 
rock, and some more sandy. The beds are curvilinear, 
owing to the action of currents, and dip in different 
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directions ; they include an extraordinary number of 
bones of gigantic maminifers and many shells. The 
pebbles are of considerable size, and are of hard sand- 
stone, and of quartz, like that of the Ventana : there 
are also a few well-rounded masses of tosca-rock. 


Section of Bods witij lleeent Sliolk and Extijict Mamniifers, ut Punta Jilta in 
Baiiia Blunoa. 

u 



The second bed (B) is about fifteen feet in thickness, 
but towards both extremities of the cliff (not included 
in tlie diagram) it either thins out and dies away, or 
passes insensibly into an overlying bed of gravel. It 
consists of red, tough clayey mud, with minute linear 
cavities ; it is marked with faint horizontal shades of 
colour; it includes a few pebbles, and rarely a minute 
particle of shell : in on<i spot, the dermal armour and a 
few bones of a I>asy])oid quadruped were embedded in 
it : it fills up furrows in the underlying graved. With 
the exception of the few pebbles and particles of shells, 
this bed resembles the true Pampean mud ; Init it still 
more closely 3 *esembles the clayey flats (mentioned in 
the eighth chapter) separating tlie succevssively rising 
parallel ranges of sand-dunes. 

The bed (C) is of stratified gravel, like the lowest 
one ; it fills up furrows in the underlying red mud, and 
is sometimes interstralified with it, and sometimes in- 
sensibly passes into it ; as the red mud thins out, this 
upper gravel thickens. Shells are more numerous in 
it than in tlie lower gravel ; but the bones, though 
some are still present, are less numerous. In one part, 
however, where this gravel and the red mud passed into 
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each other, I found several bones and a tolerably per- 
fect head of the Megatherium. Some of the large 
Voliitas, though embedded in the gravel-bed (C), were 
filled with the red mud, including great numbers of the 
little recent PaludeMritia australis. These tliree lower 
beds are covered ])y an un conform able inaDlle (D) of 
stratified sandy earth, including many pebbles of quartz, 
pumice and phonolite, land and sea-shells. 

M. d‘Orbigny luis been so obliging as to name for 
me the twenty species of Mollusca embedded in tlie two 
gravel beds ; tliey consist of — 


1 . Volutclla Jinf^ulata, dX)rl)ig. 

‘ A'ojufre ’ Moliusfj[. and Pal. 

2. VoliiUi, Urasi liana, Sol. 

3. Olicarifilk'ria Jjrasili crisis, 

[d’Ortig. 

4. „ nuricularia, do. 

f). Oliviua priclchaira, do. 

(i. JluccinanopH coeldidinm, do. 

7 . M ^lol)ril<»suni, do. 

8. C.Vilonrbella sertularlanim, do. 
i). Trocliiis J^itaiTonicus, and var. 

of ditto. d’Orbiix. 

10. raludc.strina australis, 

[ii’Orbig. ; 

11. rissurolla Patagoiiica, do. 


12. Crepiduia miirieatii^ Lam. 

13. Vcriris ]>(irj)nrata, do. 

14. „ rostrata, Fhilli])pi. 

lo. m^lilus DurvviniarmSjd'tlrbig. 
j U). Kiu'ula HHmiurnata, do. 

j 17 . Oardim Pafagonica, do. 

j 18. Corliula „ t.?) do. 

j 10. Pccti-n lerluic.lclnis, do. 

I 2 d. Ostrca ]uiclehana, do, 

I 21. A living spcci».‘s of JJaJanus. 

I 22. and 23. An Astnea and cn- 
crii.sting jdustr,!, apparently 
identical with species now 
living in tlie Pay. 


All these sliells now liv'e on this coast, and most of them 
in this same bay. I was also struck with the fact, tliat 
the proportional numliers of the different kinds appeared 
to be the same with those now cast up on the beach : 
in both cases specimens of Voluta, Crepiduia, Venus, 
and Truchus are the most abundant. Four or five of 
the species are the same with the upraised shells on 
the Pampas- near Buenos Ayres. All the specimens 
have a very ancient and bh^ached appearance,^ and do 
not emit, when lieated, an animal odour : some of them 

* A BulinuR, meutioned in the Iiilrodnction to the ‘ PoBsil Mam- 
malia in the /oology of the Voyage of tho Beagle/ lias bo much 
fretsher an appearance, than the marine Bpocies, that I Bus^x'ct it must 
have fallen amongst the others, and been collected by mistake. 
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are changed throughout into a white, soft, fibrous sub- 
stance ; others have the space between the external 
walls, either hollow, or filled up with crystalline car- 
bonate of lime. 

Tlje remains of the extinct mammiferoiis animals, 
from the two gravel beds have been described by Pro- 
fessor Owen in the ^ Zoology of the Voyage of the Beagle 
they consist of 1st, one nearly perfect head and three 
fragments of heads of the Mef/aiherivm Cnoi^irii; 2nd, 
a lower jaw of Afer/aloyi^/x Jefferwmix 3rd, lower jaw 
of ]\]ylo{l(m Darwlnii; 4th, fragments of a head of 
some gigantic Edental quadruped; 5ih, an almost entire 
skeleton of tlie great ScelUlofhenmn leptocephdhi^ii^ 
■with most of the hones, including tlie head, vertt.'bras 
ribs, some of the extremities to the claw-bone, and even, 
as remarked by Professor Owen, tlie knee-cap, all n(?arly 
in tlieir pro]>er relative positions; Gtli, fragments of 
the jaw and a separate tooth of a Toxodon, belonging 
eitlier to T. Platewis^ or to a second species lately dis- 
covered near Buenos Ayres; Ttli, a tooth of Eqiivs 
ciirvihas ; 8th, tooth of a Pachyderm, closely allied to 
Pal'reotherium, of whicli parts of l]\e head lia.ve ]>een 
lately sent from Buenos Ayres to the British Museum ; 
in all probability this pachyderm is identical with the 
Macrauchema Patiwhvnicn from Port S. Julian, liere- 
after to be referred to. Lastly, and 9i])lv, in a did of 
the red clayey bed (B), there was a double piece, about 
three feet long and two wide, of the bony armour of a 
large Dasypoid cpiadruped, with (he tw^o sides pressed 
nearly close together : as the cliff is no^v rapidly wash- 
ing away, this fossil pro})ably was lately much more 
perfect ; from l)etween its doiibled-up sides, I extracted 
the middle and ungueal phalanges, united together, of 
one of the feet, and likewise a separate phalang : hence 
one or more of the limbs mmst have been attached to 
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the dermal case, when it was embedded. Besides these 
several remains in a distinguisliable conditioD, there 
were very many single bones : the greater number were 
embedded in a space 200 yards sqiuu’e. The prepon- 
derance of the Edental quadrupeds is remarkable ; as 
is, in contrast with the ])eds of Monte Hermoso, the 
absence of Kodents. Most of the leones are now in a 
soft and friable condition, and, like tire shells, do not 
emit when burnt an animal odour. Tlie decayed state 
of the bones may be partly owing to tlieirlate exposure 
to tlie air and tidal waves. Barnacles, Serpulae and 
corallines are attached to many of the bones, but I 
neglected to observe ^ whether these might not hav^e 
grown on them since being exposed to the present tidal 
action; but T lK?lieve that some of the barnacles must 
have grown on the Scolidotherium, soon after being 
deposited, and before being ivh.(plly covered up by the 
graved. Besides tlie remains in the condition here 
described, I found one single fragment of bone very 
much rolled, and as black as jet, so as perfectly to re- 
semble some of the remains from INIonte Hermoso. 

Very many of the hones had l^een broken, abraded, 
and rolled, before being embedded. Others, even some 
of those included in the coarsest parts of the now hard 
conglomerate, still retain all their minutest promi- 
nences perfectly preserved ; so that I conclude that 
they probably were protected by skin, flesh, or ligaments, 
wliilst being covered up. In the ease of the Seelido- 
therium, it is quite certain that the whole skeleton 
was held together by its ligaments, when deposited in 
the gravel in wliich I found it. Some cervical vertebrai 

and a humerus of corresponding size lay so close to- 

** 

* After having paolcocl up vny spoeimens at Riliin Blanca, tliis point 
occurred to me, and I noted, it ; hut forpot it on my return, until tlio 
remains had been cleaned and oiled : my attention was afterwards 
recalh^d to the sulyeet hy some remarks hy M. d Orbigny. 
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gather, as did some ribs and the bones of a leg, that I 
thought that they must originally have belonged to two 
skeletons, and not have been washed in single ; but as 
remains were here very numerous, I will not lay much 
stress on these two cases. We have just seen that the 
armour of the Dasypoid (juadruped was certainly em- 
bedded togetlier with some of tlie bones of tlie feet. 

Professor Elirenberg * has examined for me speci- 
mens of tlie finer matter from in contact wbli these 
raammiferous remains : he finds in them two Poly gas- 
trica, decidedly marine forms ; and six Phytolitharia, 
of which one is probably marine, and ihe otliers either 
of fresh -water or terrestrial origin. Ordy one of these 
eight microscopical bodies is common to the nine from 
Jlonte Hermoso : but five of them are in common with 
those from the Pampean mud on the banks of the 
Parana. The presence of any fresli-water Infusoria, 
considering the aridity of the surrounding country, is 
here remarkaWe : the most probalde explanation appears 
to be, that these microscopical organisms wc^re washed 
out of the adjoining gi*eat Pampean formation during 
its denudation, and afteiwards redeposited. 

We will now see wliat conclusions may he drawn 
from the facts above detailed. It is certain that tlie 
gravel-beds and intermediate red mud were deposited 
within tlie period, when existing species of Mollusca 
held to each other nearly tlie same relative proportions 

* ‘ MoTintsbcrichten dor kdnig. Akad. zu Berlin,’ A])ri], 1845. The 
list consists 

PoLYCJASTIlICA. 

Gallionclla snlciita. | Stanroptera aspera? fragm. 

PHYTOLlTHAllIA. 

Lithasteriscnstiibcrcularns. | Spongolitljis acicularis. 

Lithostylidinm Clepsamniidiuin. 

„ quadratum. 

„ rude. 

„ nnidentiitnin. 
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as they do on the present coast* These beds, from the 
number of littoral species, must have l^een accumulated 
in shallow water ; but not, judging from the stratifica- 
tion of the gravel and the layers of marl, on a beach. 
From the manner in which the red clay fills up furrows 
in the underlying gravel, and is in some parts itself 
furrowed by the overlying gravel, wliilst in other parts 
it either insensibly passes into, or alternates with, this 
upper gravel, wo may infer several local chang(^B in the 
cun*ents, perhaps caused by slight changes, up or down, 
in the level of the land. By the elevation of these 
beds, to which period tlie alluvial mantle with pumice- 
pebbles, laud and sea-shells belongs, the plain of Bunt a 
Alta, from twenty to thirty feet iu heiglit, was formed. 
In this neighbourhood there are other and higlier sea- 
formed plains and lines of cliffs in the Pam])eaii forma- 
tion worn by the denuding action of the waves at 
different levels. Hence we can easily understand the 
j>resence of rounded masses of tosea-rock in this lowest 
plain ; and likewise, as the (‘lifts at Monte Hermoso 
with tlieir mararniferous remains stand at a higher level, 
the ]>resence of the one much-roiled fragment of bone 
wliich was as Idack as jet; ]iossibly some few of the 
other mucli-rolled bones may have been similarly de- 
rived, though I saw only the one fragment, in the same 
condition with thos<-i from Mcmie Hermoso. j\I, d'Or- 
biguy has suggested ^ tliat all these maminiferous 
remains may have been washed out of the Pampean 
formation, aud afterwards redeposited together wdth 
the recent shells. Undoubtedly it is a marvellous fact 
that these nuinerous gigantic quadru])eds, belonging, 
with the exception of the Eqnus cimndens^ to seven 
extinct genera, ‘•and one, namely, the Toxodoff, not 
falling into any existing family, should have co-existed 
* ‘ Vuynge, Part. Geolog.’ p. 49. 
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with MoUusca, all of wliich are still living species; but 
analogous facts have been observed in N* America and 
in Europe. In the first place, it sliould not be over- 
looked, that most of the co-eTri])edded shells Ijave a 
more ancient and altered app(*arancc than tlie bones. 
In the second place, is it probable that numero\is bones 
not hardened l)y silex or any other mineral, could have 
retained their delicate prominences and surfiices perfect 
if they had ])oen washed out of one deposit, and re- 
embedded in anotlier; — this later deposit being formed 
of large, liard pebbles, arranged l)y the action of currents 
or breakers in sliallow water into variously curved and 
inclined layers ? The bones wliich are now in so perfect 
a state of preservation, must, I conceive, have been 
fresli and sound wlien embedded, and probably were 
protected by skin, flesh, or ligaments. The skeleton of 
tlie Scelidotlierium indisputably was deposited entire : 
shall we say that wlien held together by its matrix it 
was washed out of an old gravel-bed (totally unlike in 
cliaracter to the Pampean formation), and re-embodded 
in another graveWied, composed (I speak aftiu* careful 
comparison) of exactly the same kind of pelibles, in 
the same kind of cement ? I will lay no stress on the 
two cases of several ribs and bones of the extremities 
having apparentljf been embedded in their proper 
relative position ; but will anyone be so liold as to affirm 
tliat it is possible, that a piece of the thin tessellated 
armour of a Dasypoid quadruped, at least three feet 
long and two in width, and now so tender that I was 
unable with the utmost care to extract a fragment more 
than two or three indies square, could have been washed 
out of one bed, and re-embedded in another, together 
with some of the small Ixines of the feet, without having 
been dashed into atoms? We must then wholly reject 
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M. d’Orbigny’s supposition, and admit as certain, that 
the Scelidotherium and the large Dasypoid quadruped, 
and as lughly probable, that the Toxodou, Megatherium, 
&c,, some of the bones of which are perfectly preserved, 
were embedded for the first time, and in a fresh condi- 
tion, in the strata in wind) they were found entombed. 
These gigantic quadrupeds, tlierefore, though belonging 
to extinct genera and families, co-existed witli tlie 
twenty above-enumerated Mollnsca, the barnacle and 
two corals, still living on this coast. From the rolled 
fragment of black bone, and from the plain of Punta 
Alta being lower tlian that of Monte IIennosr>, I con- 
clude that the coarse su])-littoral deposits of Punta Alta, 
are of subsequent origin to the Pampean mud of Monte 
Hermoso ; and the beds at this latter place, as we have 
seen, are probably of subsequent origin to the higl) 
tosca-plain round the Sierra Ventana: we shall, how- 
ever, return, at the end of this chapter, to ilie ef)nsidera- 
tion of these several stages in the great Pampean 
fvu’mation, 

Buenos Ayres to St Fe Bajada^ in Entve Rios . — 
For some distance northward of Buenos Ayres, the 
escarpment of the Pampean formation does not a])})roach 
very near to the Plata, and it is concealed ])y vegeta- 
ti<ni : but in sections on the banks of the Bios Luxaii, 
Areco, and Arrecifes, I observed ])oth pale and dark 
reddisli Pampean mud, with small, whitish concretions 
of tosca ; at all these places mammiferous remains have 
been found. In the cliffs on the Parana, at San Nicolas, 
tlie Pampean mud contains but little tosca; here M. 
d'Orbigny found the remains of two rodents {Ctenomys 
BonariensiB and Kerodon a^ittjuus) and the jaw of a 
Canis : when on the river I could clearly distingifish in 
this fine line of cliffs, ^ horizontal lines of variation 
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both in tint and compactness.’* The plain northward of 
this point is very level, but with some depressions and 
lakes ; I estimated its height at from forty to sixty feet 
above tlie Parana, At the A. Medio the bright red 
Pampean mud contains scarcely any tosca-rock ; whilst 
at a short distance the stream of the Pabon forms a 
cascade, about twenty feet in height, over a cavernous 
mass of two varieties of tosca rock ; of which one is 
very compact and semi-crystalline, with seams of crys- 
tallised carbonate of lime: similar compact varieties 
are met with on the Salidillo and Seco. The absolute 
identity (I speak after a comparison of my specimens) 
between some of these varieties, and those from Tapal- 
guen, and from the ridge soutli of Bahia Blanca, a dis- 
tance of 400 miles of latitude, is very striking. 

At Kosario there is but little tosca-rock : near this 
place I lirst noticed at the edge of tlie river traces of 
an underlying formation, which, twe)ity-fivt» miles 
higher up in the estancia of Gorodona, consists of a 
pale yellowish clay, abounding with con(*retionary 
cylinders of a ferr\iginous sandstone. This bed, whicb 
is proba])ly the ecpii valent of the older tertiary marine 
strata, immediately to be described in Entn^ Kios, only 
just rises above tlie level of tbe Parana when low. The 
rest of the cliff at Gorodona, is formed of r(H\ Pampean 
mud, with, in the lower part, many concretions of 
tosca, some stalacti formed, and with only a few in the 
upper part : at the heiglit of six feet above tlie river, 
two gigantic skeletons of the Mast(Ml(nt Andlum were 
here embedded ; their bones were scattered a few feet 
apart, but many of them still held their proper relative 
positions : they were much decayed and as soft as cheese, 

’ I quote tbcs(5 -worcls^ from my note-];ook, >ih 'written (lo'wn on tho 
spot, on account of the /^oneriil ahfecnee of Ntmtifieation in the Pampean 
iormation hanng been insisted on by d’Orbigiiy as a proof of the 
diluvial origin of this great deposit. 
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so that even one of the great molar teeth fell into 
pieces in my hand. We here see that the Pampean 
deposit contains mammiferous remains close to its base. 
On the banks of tlie Carcarann-, a few miles distant, the 
lowest bed visible was pale Pampean mad, with masses 
of tosca-rock, in one of which I found a much decayed 
tooth of the Miistodon : above this bed, there was a 
thin layer almost composed of small concretions of 
white tosca, out of wliicli I extracted a well preserved, 
but slightly broken tooth of Toxodon Platmsis : above 
this there was an unusual bed of very soft impure sand- 
stone. In this neigh])ourhood I noticed many single 
embedded ])Otijes, and I heard of others having been 
found in so perfect a state that they were long used as 
gate-posts : the Jesuit Falkner found here the dermal 
armour of some gigantic Edental qua(lruy)ed. 

In some of the red mud scmped from a tooth of 
one of the mastodons at Gorodona, Professor hlhrenberg 
finds seven Polygastrica and thirteen PhytolilhariaJ all 
of tliem, I believe, with two exceptions, already known 
species. Of these twenty, the preponderating number 
are of fresh-water origin ; only two species of Coscino- 
discus and a Spongolithis show the direct influence of 


^ * Moimtsberichten der kdnig. Akad. zu Berlin/ April, 181-5. The 
list consists of 

POIA’GASTRICA. 

Oumpylodiscii« clyjious. i Oallionclla graimlata. 

Cosciuodiycus subtilis. j Himantidiiim gracilo. 

All. sp. I Piniiularia burealih. 

Eunotia. i 


Phytolitharia. 


LithasterificuB Uiberculatus. 
Lithodontium bursa. 

„ furcatuin. 

„ rostratum. 

Lithostylidium Amphi(xion. 
„ Clep- 

sammidiiim. 


I 


Lithostylidium Hamus. 

„ polyedrum. 

„ qimdratum. 

„ rude. 

„ JSerrft. 

„ unidon- 

bitum. 

Spongolithis Fustis. 
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the sea ; therefore Professor Ehrenberg arrives at the 
important conclusion that the deposit must have been 
of brackisli-water origin. Of the thirteen Phytolitharia, 
nine are met with in the two deposits in Bahia Blanca, 
wliere there is evidence from t\No other species of 
Polygastricii that the beds were accumulated in brackish 
water. The traces of corals, sponges, and Polythalamia, 
found by Dr. Carpenter in the tosca-rock (of which I 
must observe the greater number of specimens were 
from the upper beds in the soutliern parts of tlie 
formation), apparently show a more purely marine 
origin. 

At St, F6 Bajadcij in Entre Rios, the cliffs, esti- 
mated at ])etween sixty and seventy feet in height, 
expose an interesting section : the lower half consists 
of tertiary strata with marine sliells, and the u{)per half 
of the Pampean formation. The lowest b(‘d is an 
oblifiuely laminated, blackish, indurated mud, witli 
distinct traces of vegetable remains.* Above tins there 
is a thick bed of yellowish sandy clay, with much crys- 
tallised gypsum and many shells of Ostrece, Pecteiis, 
and Area; : above this there generally comes an arena- 
ceous crystalline limestone, but there is sometimes 
interposed a bed, about twelve feet thick, of dark green, 
soapy clay, weathering into small angular fragments. 
The limestone, where purest, is white, highly crystalline, 
and full of cavities ; it includes small pebbles of (juartz, 
broken shells, teeth of sliarks, and sometimes, as I was 
informed, large Lories : it often contains so much sand 
as to pass into a calcareous sandstone, and in such 

‘ M. d Orbi^rny has given (‘ Voyage, Part. Geolog/ p. 37) a detailed 
description of this section, but as he <loes not mention this lowest bed, 
it may have been concealed when be was there by the river. There is a 
considerable discrepancy between his description and mine, which I can 
only account for by the beds iheniselvos varying considerably in short 
distances. 
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paits the great Oatrea Patagonica ^ chiefly abounds. 
In the upper part, the limestone alternates with layers 
of fine white sand. The shells included in these beds 
have been named for me by M. d'Orbigny ; they consist 
of — 

1. Ostpoa PatnpoinVa, d’Orbig. 5. Veims Munsterii, d^Orlig. 

‘ Voyage,’ Part. Pal. ‘ Voyago,’ ]’a,l. 

2. „ Alvnrezii, <lo. C. Area IJonidandiana, do. 

3. Pfictrn I’aranensis, do. (and 7. Canlium Plater^e, do. 

PI. IV, of tliia work, fig. 3e.) 8. UVllina, ]>robaMy nov. 

4. ])jmviniarjus, do. and PI. but too imperfect for descrip- 

IV*. of tliiw work, figtt. 28, 29. tion. 

These s])ecies are all extinct: the six first were 
found by M. d'Orbigny and m 3 ^self in the formations of 
the Jtio Negro, S. Josef, and other parts of Patagonia; 
and therefore, as first observed by d’Orbigny, these 
beds certainly belong to the great Patagonian forma- 
tion, which will be described in the ensuing chapter, 
and wliicli we shall see must be considered as a very 
ancient tertiary one. North of the Bajada, M. d’Orbigny 
found, in beds which he considers as lying beneath the 
strata here described, remains of a Toxodon, wliich he 
has named as a distinct specicts from the 2\ Plaieuais 
of the PamjK'an formation. Much silicified w^ood is 
found on the banks of the Parana (and likewise on the 
Uruguay), and I was informed that they come out of 
these lower beds; four specimens collected by myself 
are dicotyledonous. 

The upper half of the cliff, to a thickness of about 

thirty feet, consists of Pampean mud, of which the 

lower part is pale coloured, and the upper part of a 

brighter red, with some irregular layers of an arenaceous 

variety of fcusca, and a few small concretions of the 

ordinary kind. Close above the marine limestone, 

« 

‘ Capt. Siilis'jui, P.N., has givt-n me a specimen of this shell, which 
he found in the cliffs at Point Cerrito, between twenty and thirty miles 
above tlie Bijada. 
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there is a thin stratum with a concretionary outline of 
white hard tosca-rock or marl, which may be considered 
either as the uppermost bed of the inferior deposits, 
or the lowest of the Pampean formation ; at one time 
I considered this bed as marking a passage between 
the two formations ; but I have since become convinced 
that I was deceived on this point. In the section on 
the Parana, I did not find any mammiferous remains ; 
but at two miles distance on the A. Tapas (a tributary 
of the Cbnchitas), they were ext remely numenuis in a 
low clitf of red Pampean mud with small concretions, 
precisely like the upper bed on the Pa rail a. Most of 
the ])ones were solitary and much decayed; ])Ut I saw 
the dermal armour of a gigantic Edental (juadruped, 
forming a cauldron-like hollow, four or five feet in 
diameter, out of which, as I was informed, tlie almost 
entire skeleton had been lately removed. I found single 
teeth of the MuModon Andiuru,^ Toxodon 
and Eqv'us carvidens^ near to each other. As this 
latter tooth approaches closely to that of the common 
liorse, 1 paid particular attention to its true embedment, 
for I did not at that time know that there was a similar 
tooth hidden in the matrix with the other mammiferous 
remains from Punta Alta. It is an interesting circum- 
stance, that Prof. Owen finds that the teeth of this 
liorse approach more closely in their peculiar curvature 
to a fossil specimen lirought by Mr. LyelO from North 
Americ.% than to those of any other species of Equus, 
The underlying marine tertiary strata exend over a 
wide area : I was assured that they can be traced in 
ravines in an east and west line across Entre Rios to 
the Uruguay, a distance of about 135 miles. In a SE. 
direction I heard of their existence at the head of the 

* Lyell’s ‘Travels in North America,’ vol. i. p. 164, and ‘Proc. of 
Geolog. Soc.’ vol. iv. p. 39. 
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R. Nankay ; and at P. Gorda in Banda Oriental, a 
distance of 170 miles, I found the same limestone, 
containing the same fossil shells, lying at alx)ut the 
same level above the river as at St. Fe. In a southerly 
direction, these beds sink in height, for at another P. 
Gorda in Entre I tins, the limestone is seen at a much 
loss height; and tlicre can be little doubt that tine 
ycllowisl) sandy clay, on a level with the river, between 
the Carcarana and S, Nicolas, belongs to this same 
formation ; as perhaps do the beds of sand at Buenos 
Ayres, which lie at the bottom of the Pampean forma- 
tion, about sixty feet beneath the surface of tlie Plata, 
The southerly declination of these beds may perhaps be 
due, not to unequal elevation, but to the original form 
of tlie bottom of the sea, sloping from land situated to 
the nortli ; for tliat land existed at no great distance, 
we have evidence in tlie vegetable remains in the lowest 
bed at Ht. Fe; and in the silicified wood and in the 
bones of Toxodon ParamuHts, found (according to 
M. d’Orbigny) in still lower strata, 

Banda OrientaL — This province lies on the north- 
ern side of tlie Plata, and eastward of tlie ITruguay : it 
has a gently imdulatory surface, with a basis of primary 
rocks; and is in most parts covered up with an un- 
stratified mass, of no great thickness, of reddish 
Pampean mud. In the eastern half, near. Maldonado, 
this deposit is more arenaceous than in the Pampas ; it 
contains many though small concretions of marl or 
tosca-rock, and others of highly ferruginous sandstone ; 
in one section, only a few yards in depth, it rested on 
stratified sand. Near Monte Video this deposit in some 
spots appears to be of greater thickness ; and the re- 
mains of the Glyptodon and other extinct mWmifers 
have been found in it. In the long line of cliffs, between 
fifty and sixty feet in height, called the Barrancas de 
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S. Gregorio, wiiich extend westward of the Rio S. Lucia, 
the lower half is formed of coarse sand of quartz and 
feldspar without mica, like that now cast up on the 
beach near Maldonado; and the upper half of Pampean 
mud, varying in colour and containing honey-eombed 
veins of soft calcareous matter and small concretions of 
tosca-rock arranged in lines, and likewise a f(‘.w pebbles 
of quartz. This deposit fills up hollows and furrows in 
the underlying sand ; appearing as if water (charged 
with mud had invaded a sandy beach. Tliese cliffs 
extend far westward, and at a distance of sixty miles, 
near Oolonia del Sacrainiento, I found the Painpeau 
deposit resting in some places on this sand, and in 
othe^rs on the primary rocks : hetwecm the sand and the 
reddish mud, there appeared to be interposed, Init the 
section was not a very good one, a thin bed of shells of 
an existing Mytilus, still partially retaining their colour. 
The Pampean formation in Banda OricuitM might la^adily 
he mistaken for an alluvial deposit ; compared with 
that of th(? l^imj)as, it is often more sandy, and con- 
tains small fragments of quartz; the concretions are 
much smaller, and th(?re are no extensive masses of 
tosca-rock. 

In tbe extreme Avestern parts of this province, ])e- 
tween the Uruguay and a line drawn from (-olonia to 
the JL Perdido (a tributary of ti^e P, Negro), the 
formations are far more complicated. Besid('s primary 
KK^ks, we meet with extensive tracts and many flat- 
topped, horizontally stratified, cliff-hounded, isolated 
hills of tertiary strata, varying extraordinarily in 
mincralogical natui-e, some identical witli the old 
marine ])eds of St. Fe Bajada, and some with those of 
the much more recent Pampean formation. Tliere are, 
also, extensive lotu tracts of country covered with a 
deposit containing mam mi feroiis remains, precisely like 
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that just described in the more eastern parts of the 
province. Altliough from the smooth and unbroken 
state of the country, I never obtained a section of this 
latter deposit close to the foot of the higher tertiary 
lulls, yet I have not tlie least doubt that it is of quite 
subsequent origin ; having been deposited after the sea 
had worn the iertiary strata into the clifF-bounded hills. 
Tliis later formation, which is certainly the ecprivalent 
of that of ilie Pampas, is well seen in the valleys in the 
estancia of Berquelo, near Mercedes ; it liere consists of 
reddish earth, full of rounded grains of quartz:, and 
with some small concretions of tosca-rock arranged in 
horizontal lines, so as perh^ctly to resemble, except in 
containing a little calcareous matter, the formation in 
the eastern j)arts <.)f Banda Oriental, in Enlre Kios, and 
at otlier pla(‘es: in this estancia the skeleton of a great 
Edental quadruped was found. In the valley of the 
Sareandis, at tlie distance of only a few miles, this de- 
posit has a somewhat dilTereni character, being whiter, 
softer, finer-grained, and full of little cavities, and con- 
se(piently of little spccitic gravity; nor does it contain 
any concr(‘tions or calcareous matter : I here procured 
a head, wliich when first discovered must have been 
(juite ])erfect, of tlie 2\Krod<oh Plateas!^^ another of a 
jMylodou,^ ])erhaps M. Daninaii^ and a large piece of 
dermal armour, differing from that of the Gbjpf.odon 
clampes. These liones are remarkable from their ex- 
traordinarily fresli a]>pearance ; wdien held over a lamp 
of spirits of wine, tliey give out a strong odour and 
burn with a small flame ; Mr. T. Rooks lias lieen so kind 
as to analyse some of the fragments, and he finds that 


‘ This hcjul was nt first cmisidoroa l»y Professor O-w-tn (ia the 
* Zoolo^^y ef tljo Poaglc’s Voyapfe ’) as belonging to a distinct geuns, 
namely, Olossollicrium. 
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they contain about seven per cent, of animal matter, 
and eight per cent, of water.' 

The older tertiary strata, forming tiie higher isolated 
hills and extensive tract.s of country, vary, as 1 have 
said, extraordinarily in composition : within the dis- 
tance of a few miles, I somet imes passed over crystalline 
limestone with agate, calcareous tuffs, and marly rocks, 
all passing into each other, — red and pale mud with 
concretions of tosea-ro(*k, quite like tlie Painpeaii for- 
mation, — calcareous conglomerates and sandstones, — 
bright I'ed sandstones passing either into red con- 
glomerate, or into white sandstone, — hard siliceous 
sandstones, jaspery and chalc(-‘donic rocks, and numerous 
other subordinate varieties. I was unable to make out 
the relations of all these strata, and will describe only 
a few distinct sections: — in the cliffs l)etw(‘en P. Gorda 
on the Uruguay and the A. de ViNoras, the n}>per bed 
is crystalline cellular limestone often passing into cal- 
careous sandstone, with impressions of some of tlie same 
shells as at Si. FeBajada; at P. Gorda, tliis limestone 
is interstratified witli, and rests on, white sand, which 
covers a \ml about thirty feet thick of pale-coloured 
clay, with many shells of the great (Xstrm PatfUjonicd : 
])eDeath this, in the vertical cliff, nearly on a level with 
the river, there is a bed of red mud absolutely like the 
Pampean deposit, with numerous often large concre- 
tions of perfectly characterised white, compact tosca- 
rock. At the mouth of the Vivoj-as, tlie river flows 
over a pale cavernous tosca-rock, <piite like that in the 

* (‘Chemistry of Airriniltnrc,’ p 104) states tliat fresh dry 

lx)neK corrtiiin from thirl v-two to thirty-three per cent, of dry gelatine. 
See also I)r. Daul)eny in * Kdin. Now Pliil. J<mrn.’ vol. xxxvii. p. 293. 

In luy ‘Journal’ (p. 171, l«t <xlit), I have hasfly and inaccurately 
stated that the Pampean mud, whioli is found over the eastern port of 
B, Oriental, lies over the liintsstone at P, Gorda; I should have said 
that there was reason to infer that it was a subsequent or superior 
dejK>sit. 
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Pampas, and this appeared to underlie the crystalline 
limestone; but the section was not unequivocal like 
that at J^. Grorda. These beds now form only a narrow 
and much denuded strip of land ; but they must once 
have extended much farther ; for on the next stream, 
south of the S. Juan, C-aptain Sulivan, K.N., found a 
little cliff, only just above the surface of the river, with 
numerous shells of the Veaus MunMevii^ d’Orbig., — 
one of the species occurring at St. he, and of which 
there are casts at P. (iorda : the line of cliffs of th^* 
subse(|iiently deposited true PamY>iian mud, extend 
from Colonia to witliin half a mile of this spot, and no 
doubt once covered up this denuded marine stratum. 
Again fit Colonia, a Frenchman found, in digging tlio 
foundations ol‘ a ))ous(*, a gn^at mass of the Odrea Fata'- 
fjonlea (of which 1 saw^ many fragments), packed to- 
getlier just bcmeatli tlie surface, and directly supoiirn- 
posed on the gneiss. Tiiese sections are important : 
AJ, d'Orbigny is unwilling to believe that b(‘ds of the 
same nature with the Pa mpean formation (‘ver underlie 
tbe ancient Tuarine tertiary strata ; and I was as much 
surprised at it as he could have ]>ecn ; but tlie vertical 
cliff at P. (jorda allowed of no mistake, and I must be 
permittt'd to affirm, that Jifter having examined the 
country from the Colorado to St. Fe Hajada, I could not 
be deceived in the mi iun*a logical character of the Pam- 
pea3i deposit. 

Aloreover, in a precipitous juirt of the ravine of 
Las Bocas, a red sandstone is distinctly seen to overlie 
a thurk kal of }>ale mud, also quite like the l^ampean 
formati(m, abounding with concretions of true tosca- 
rock. This sandstmie extoids over many miles of 
country : it is as red as tlK‘ brighU'st volcanic seoriao ; 
it sometimes passes int<» a coarse red conglomerate 
composed of the underlying primary rocks; and often 
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passes into a soft wliite sandstone with red streaks. 
At the Calcra de los Huerfanos, only a quarter of a 
mile south of where I firsi. met with the red sand- 
stone, the crystalline white limestone is quarried: as 
this bed is the uppermost, and as it often passes into 
calcareous sandstone, interst ratified with pure sand; 
and as tlie red s:indstoiie likewise pass<\s into soft white 
sandstone, and is also the uppermost hed, I believe 
that these two heds, tliouj^h so ditfereril, are equiva- 
lents. A few leagues southward of these two places, 
on eacdi side of the low primary range of 8. Juan, 
there are some Hat-topped, clilT-liouiided, s(q)amte 
little hills, very similar to tliose fringing t]je priiuary 
ranges in the givat phiin soutli of Ihienos Ayivs : they 
are composed — 1st, of calcareous tidf witli many par- 
ti(des of <piart?:, sometimt^s passing into a c(»arse con- 
glomerate; 2ik1, of a stone undistiuguishahh^ on the 
closest iiisp(‘ctioii from the compaeter varieti(‘S of 
tosca-roek ; and 3rd, of semi-iUTstallinc liiuesUme, 
including nodules of agate: these tliree varieties pass 
insensihly into each other, and as they form the upper- 
most stratum in this district, I believe that tln^y, also, 
are the equivalents of llie pure crystalline limestone, 
and of the red and white sandstones and coi}gjomerates. 

Between these points and Mercedt^s on the Rio 
Negro, there are seavcoly any g'ood sections, the road 
passing over limestone, tosca-rock, calcareous and 
bright red sandstones, and near tlie source of the S. Sal- 
vador over a wide extent of jaspery rocks, with much 
milky agate, like that in the limestone near >S. Juan. 
In the estancia of Kerquelo, the separatt^ Hat-topped, 
clitf-bounded hills are rather higher timn in other pxrts 
of the country; they range in a NE. and SW, direc- 
tion ; their uppermost beds consist of the same bright 
red sandstone, passing sometimes into a conglomerate, 
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and in the lower part into soft white sandstone, and 
even into loose sand : beneath this sandstone, I saw 
in two places layers of calcareous and marly rocks, and 
in one place md Pampean-like earth ; at file base of 
these sections, there was a hard, stratified, white sand- 
stone, with ehalcedonic layers. Near IMercedes, beds 
of the same nature and apparently of the same a^e, are 
associated with compact, whit(‘, crystalline limestone, 
including much Imtryoidal a^ate, and singular masses, 
like porc<dain, but really composed of a calcareo-sili- 
ceous paste. In sinkings wells in this district the 
ehalcedonic strata seems to lx* tlie lowest. Ihxls, such 
as lua-e described; occur over tlu^ whole of this neigh- 
bourhood ; l)ut twenty miles further u]) the K. Negro, 
in tlie cliffs of Perika, which are about fifly feet in 
lieiglit, the upp(u bed is a pi*ettily variegated chalce- 
do]iy, mingled wdth a pure white tallowy limestone ; 
beneath this there is a couglonuu'ate of quartz and 
granite; Leneath this many sandstones, some higldy 
(calcareous; and the whole lower two-thirds ()f tlie cliff 
consist of earthy cal cannons heds of \arions degrees of 
purity, with one layer of n^ddish Pampean-like mud. 

Wdien examining tlie agates, the ehalcedonic and 
jasp(TV rocks, some of the limestones, and even the 
bright red sandstones, I was forcibly struck with 
their resernhlarice to deposits formed in the neigh- 
bourhood of volcanic action. I now find that M. 
Isabelle, in his Voyage a Buenos Ayri's,' lias described 
closely similar beds on Itaquy and Tbicny (w'hich enter 
the Uruguay someway north of the K. Negro) and these 
heds include fragments of red decomjiosed true scoria* 
hardeiuHl by zeolite, and of black retinite : we have 
then here good evidence of volcanic action during our 
tertiary period. Still farther north, near S. Anna,^ 
* M. d’Orbigny, ‘ Voyage, Part. Gcolog.,’ p. 29. 
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where the Parana makes a remarkable bend, M. 
Bonpland found some singular amygdaloidal rocks, 
wliich perhaps may l)elong to this same epoch. I may 
remark that, judging from tlie size and well-rounded 
condition of the blocks of rock in tlie above-described 
conglomerates, masses of primary formation probably 
existed at this tertiary period above water : there is, 
also, according to M. Isabelle, muc]) conglomerate 
farther north, at Salto. 

From whatever source and through whatever means 
the great Pampean formation originated, we horci have, 
I must repeat, une<jui vocal evidence of a similar 
action at a period before tliat of the ({('position of the 
marine tertiary strata with extinct sliells, at St. Fe and 
P. Gorda. During also the (h'position of tliese strata, 
we have in tlie intercalated layers of red Pampean-like 
mud and tosca-nak, and iu tlie passage near S. .luaii of 
the s(imi-ciystalliiie limesUmes with agate into tosca 
undistinguishahle from that of tlu^ Pampas, evidence 
of the same action, tliougli contimud only at intervals 
and in a feeble manner. We have fiirthtn* se(m tliat in 
this district, at a period not only su]>se(|uent to the de- 
position of the tertiary strata, hut to tlu'ir uplu'avement 
and most extensive denudation, true Pamp(?an mud 
with its usual characters and including mamniiferous 
remains, were deposited round and hetwc'cm tlie hills 
or islets formed of these tertiary strata, and over the 
whole eastern and low primary districts of Panda 
Oriental. 

Earthy mass^ with extinct ^nvinmiiferov s veyriaht^^ 
over the j)Oiyhyritic gear el at S. Julian.^ lat. 49"^ 14' 
S. in Patagonia. — This ea.s(^, though not coming 
strictly under the Pampcian foiTuation, may h(^- con- 
veniently given here. On the south side of the 
harbour, there is a nearly level plain (mentioned in 
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the eighth chapter) about seven miles long, and three or 
four miles wide, estimated at ninety feet in height, and 
bordered by perpendicular cliffs, of which a section is 
here represented. 

No. so. 


Section of the Lowest Plain at Port S. Julian. 
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Tlie lower old tertiary strata (to be described in the 
next chapter) are c‘overed by the usual gravid bed; 
and this by an irn'gular earthy, soirud.iines sandy mass, 
seldom mon* than two or tliree feet in tliickness, <^\cept 
wliere it fills up furrows or gullies worn not only 
througli the underlying gravel, but even ibrougb tlie 
iippm* tertiary Ixdls. This earthy mass is of a pale 
reddish colour, like tlie less pure varied ies of Pampeau 
mud ill Panda Oriental ; it. includes small calcareous 
concretions, like those of tosca-rock but more arena- 
cemis, and other coiieretious of a greenish, indurated 
argillaceous substance: a few pebldes, also, from the 
undfalyiiig gravel-bed are also included in it, and these 
being f>ccasionally arranged in horizontal lines, show 
that the mass is of sub-aqueous origin. On tlu‘ sur- 
face and embedded in the superticial parts, there are 
numerous shells, partially retaining tludr colours, of 
three or four of the now commonest littoral ^speides. 
Near tlie bottom of one deep furrow (reprevsented in 
the diagram), filled up with this earthy deposit, I 
found a large part of tlie skeleton of the J/c 


PABT n. 


346 Pampean Formation, 

Pataelionica — a gigantic and most extraordinary 
pach^^derm, allied, according to Professor Owen, to 
the Palceotherium, but with affinii ies to ilie Rnminants, 
especially to the American division of tlie Camelidfe. 
Several of the vertebrae in a chain, and Tum'ly all the 
bones of one of the limbs, even to tlu^ smallest bones of 
the foot, were embedded in their proper relative posi- 
tions : hence the skeleton was certainly united by its 
flesh or ligaments, wlieii enveloped in tlie mud. This 
earthy mass, with its eoncretions and mammih^rous 
remains, tilling up furrows in tlui underlying gravel, 
certainly presents a V(.‘ry striking resemblance to some 
of the ^ections (for instance, at P. Alta in B. Blanca., 
or at tlie Barrancas dc S. (.Iregorio) in the Pampean 
formation; but 1 must b(dit‘\e that this resemldance is 
only accidental. I suspect that the mud whicli at the 
])resent. day is accuuiulating in deep and narrow gullies 
at the head of the liarhoiir, would, afU*T elevation, pre- 
sent a very similar a])))earance. The soutliernmost 
part of the true Pamp(‘a.n formation, namely, on the 
Colorado, lies 5G0 miles of latitude north of this 
point. ‘ 

With respect to the age of the ilacrauchenia, tlie 
shells on the surface prove tliat the mass in which tlie 
skeleton was enveloped has been elevated above tlu^ 
sea within the rcjceiit period : 1 did not sec; any of the 
shells embe<lded at a sufficient depth to assure me 
(though it l)e highly prohalde) that the whole thick- 
ness of the mass was contemporaneous with these indi-- 
vklual specimens. Tliat the Macrauchenia lived sub- 
sequently to tlic spreading out of the gravel on this 

* In the suceeetling chapter I shall have to refer to a p:mit deposit 
of extinct mamraifcroiis remains, lately discovered by Capt. SuHvan, 
K.N., at a point still farther south, namely at the R. Gallegos; their 
age must at present remain doubtful. 
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plain is certain ; and that this ^yraviA, at the height of 
ninety feet, was spread out long after the existence of 
recent shells, is scarcely less certain* For, it was 
shown in the eighth chapter, that this line of coast has 
been uphea\ed with remarkable equa])ility, and that 
over a vast space botli nortli and south of S. Julian, 
recent species of shells are strewed on (or einbeddtid in) 
t])e surface of the 2oO feet plain, and of t]ie 350 feet 
plain up to a height of 400 feet. These wide step- 
formed plains have been formed by the denuding action 
of tlie coast-waves on the old tertiary strata; and 
tluTfJbre, when the surface of tlie 350 feet plain, with 
the shells on it, first rose above the level of tlie sea, 
the 250 feet plain did not exist, and its formation, as 
well as tlie spreading out of the gravel on its summit, 
must Lave taken place sulisocjiiently. kSo also the 
denudation and the gravel-covering of the ninety feet 
plain must Itave taken place subsequently to tlie eleva- 
tion of the 250 feet j>lain, on which recent shells are 
also strewcnl. Hence there cannot ho any doubt that 
the Macrauclienia, wliicli certainly was entombed in a 
fresh sUite, and which must Jiave been alive after tlie 
spreading out of the gravel on the ninety feet plain, 
existed, not only subsequently to the upraised sliells 011 
the surface of the 250 feet jilain, but also to those on 
the 350 to 400 ieet plain : those shells, eight in number 
(namely, three species of Alytilus, two of Patella, one 
Fusiis, Volnta, and Balanus), are imdoulitedly recent 
species, and are the commonest kinds now living on 
this coast. At Punta Alta in B. Blanca, 1 remarked 
how marvellous it was, that the Toxodoii, a marnmifer 
80 unlike to all known genera, should have cf>-existed 
■with twenty- three ill living marine animals ; and now 
we find that the Macrauebenia, a quadruped only a 
little less anomalous than the Toxodon, also co-existed 
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with eight other still existing Mollusca: it should, 
moreover, ])e borne in mind, that a tooth of a pachy- 
dermatous animal wa,s found with tlie other remains at 
Punta Alta, whicli Professor Owen tliinks almost cer- 
tiiinly belonged to the Macraucheriia. 

Mr, Lyell * has arrivcnl at a highly imporiant con- 
clusion with respect to the age of the North American 
extinct mamniifers (many of which are closely allied to, 
and even identical wilh, those of the Pampean forma- 
tion), namely, 1 hat tliey lived siibseipiently to (lie period 
when erratic boulders were transported by the agency 
of floating ice in temperate latitiuhis. Now in the 
valley of the kS;iu ( Vuz, only fifty miles of latitude south 
of the spot wliere the Macrauchiujia was entombed, vast 
numbers of gigantic* angular boulders, wliicdi must 
have been transported from the Cordillera on icM -bergs, 
lie strewed on tlie plain, at the height of 1,400 feet 
above the level of the sea. In ascending to tliis level, 
several st/(^{>-formed plains must Iwf crossed, all of wltich 
have necessarily reijuiivd longtime for their formation; 
hence the lowest or ninety feet plain, will) its siiper- 
ficial l>ed containing the remains of tlie ]Maerauchenia, 
must have been foiatud veiy long subsecpiently to the 
period wlien tin* 1,400 feet plain was Ixmeath tlie sea, 
and iKuilders were dropped on it from floating masses 
of ice.^ Mr* Lyeli’s conclusion, therefore, is tlius far 
confirmed in the southern hemisphere; and it is the 
more important, as one is naturally temyited to admit 
so simple an explanation, that it \va8 the ice-jieriod 
that caused the extinction of tlie numerous threat 

* ‘ G-jeoIngicAl Procwfirips,’ Vol. iv. p. 

^ It mu-st not inferred from tln-sf remarks, tiintthe ice-aetion ceased 
in South amcricM- at this wmpara’n cly niu-iont ])erio'] ; for in Terra del 
Fue^^o Ixmlders 'vvore prolwi.l)lv frau^}*(♦rt(M] contemporamamsly Avith, if 
not sn];sequontly to, the formation of the- ninety font plain at S- Julian, 
aiul at olimr parts of die coast of JVt? 
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mammifers wliich so lately swarmed over the two 
Americas. 

Summary and condndincf remarks on the Pam- 
pean Formation . — (Ine of its most striking features is 
its great extent ; I passed continuously over it from the 
Colorado to St. Fe Bajada, a distance of 5(K) geographical 
miles ; and ]M . d’Orhigny traced it for 250 miles farther 
north. In the latitude of the Plata, I examined this 
formation at intervals over an east and west line of 
300 miles from Maldonado to the Eiver ( Wcarana; and 
M. d'Orhigny believes it extends 100 miles farther 
inland : from Mr. (laldcleugh’s travels, however, I should 
have thought tiiat it had exteiidcKl, south of the Cordo- 
vese range, to near ]\Ieiidoza, and I may add that I 
heard of great bones liaving been found higlu np the 
Kiver <iuint<). Hence the area of the Parapean forma- 
tion, as roiriarked hy ]\L (FOrbigny, is pro]>ably at least 
equal to that of France, and pcnhapa twice or thrice 
as great. In a. basin, surrounded by gravebcliflf (at a 
height of nearly 3,000 feet), south of Mtmdoza, there 
is, as described in the tenth cliapter, a deposit very like 
the Patnpean, interstratified wit h other matter ; and 
again at S. duliau’s, in Patagonia, 500 miles south of 
tlie Colorado, a small irregular bed of a nearly similar 
nature contains, as we liave just seen, mammiferous 
remains. In the provimes of Moxos and Chiquitos 
(1,000 miles north ward of the Pampas), and in Bolivia, 
at a height of 4,000 metres, M. d'Orbigny has described 
similar dt^posits, wdiich he l)elieves to have been formed 
by the same agency contemporaneously with the Pam- 
pean formation. Considering the immense distances 
between these several points, and their diiferent Jieights, 
it appears to me infinitely more probable, that this 
similarity has n^sulted not from contemporaneousness of 
origin, but from the similarity of the rocky framework 
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cf the continent : it is known that in Brazil an immense 
area consists of gneissic rocks, and we shall hereafter 
see, over how groat a length the platonic rocks of the 
Cordillera, the overlying purple porphyries, and the 
trachHic ejections, arc almost identical in nature. 

Three theories on the origin of the Pampean forma- 
tion have been propounded : — First, that of a great 
debacle l)y M. d'Orbigny; this seems founded chiefly 
on the ahsence of straiJfleation, and on tlie nuniher of 
embedded remains of terrestrial quadrupeds. Although 
the Pampean formation (like so many argillaceous 
deposits) is not divided into distinct and sepnnite strata, 
yet we liave seen tliat in one good section it was striped 
with hoiizoTital zones of colour, and thal in several 
specified jdaoes the uj>per and lower parts differ(*d, not 
only considerably in colour, but greatly in constitution. 
In the southern part of tlu^ Pampas the upper mass (to 
certain extent stratified) generally consists of hard 
tosca-nxtk, and the ymrt of red Pampean nnid, 

often itself divided into two or more masses, varying in 
colour and in the quantity of included calcareous matter. 
In western Pianda (Oriental, beds of a similar nature, 
bnt of a greater age, conformably underlie and are 
intercalatcil with the regularly stratified tertiary forma- 
tion. As a general rule, the marly concretions are 
arranged in liorizontal lines, sornetiincs united into 
irregular strata : surely, if tlie mud had been tumul- 
tuously deposited in mass, the included ealca.reous 
matter would liave segregated itself irregularly, and 
not into nodules arranged in horizontal lines, on(‘ above 
the other and often far apai't ; tliis arrangement appears 
to me to prove that mud, differing slightly in composi- 
tion, was successively and quietly deposited. On tlie 
theory of a debacle, a jirodigious amount of mud, with- 
out a singUi pehlde, is supposed to have been borne over 



CHAr. xt. 


Theories on its Origin. * 351 

the wide surface of the Pampas, when under water : on 
the other hand, over the whole of Patagonia, the same 
or anoth(^r debacle is supposed to have borne nothing 
but grave], — tlie gravel and the fine mud in tlie neigh- 
bourhood of tlie ItioH Negro and (blorado having been 
borne to an equal distance from the Cordillera, or 
imagined line of disturbance : assuredly directly oppo- 
site effects ouglit not to be attributed to tin? same 
agency. Wliere, again, could a mass of fine sediment, 
charged with calcareous matter in a fit state for chemi- 
cal segregation, and in quantity sufficient to cover an 
area at least 750 miles long, and 400 miles broad, to a 
dept!) of from twenty or tliirty feet to a hundred feet, 
have heeii iKicumiilated, ready to he transpoiied by the 
supposed debacle? To my mind it is little short of 
demonstration, that a great lapse of time was necessary 
for the production and deposithm of the enormous 
amount of mud-like matter forming the Pampas ; nor 
should r have noticed the theory of a debacle, had it 
not been adduced by a naturalist so (uninont as 
M. d'OrIngny. 

A second Ibeory, first suggested, T ])elieve, by Sir 
W. Parisli, is tljat the Pampean format iou was thrown 
down on low and marshy plains by the rivers of tliis 
country before they assumed their ])r{'sent. courses. 
The appcjarance and composition of the deposit, the 
manner in wliich it slo})es up and round the primary 
ranges, llu^ nature of the underlying marine beds, the 
estuary and sea-shells on the surface, the overlying 
sandstone beds at M. Herrnoso, are all (piitc opposed 
to this view. Nor do I believe that there is a single 
instance of a skeleton of one of the extinct mammifers 
having been found in an upright position, as if it bad 
been mired. 

The third theory, of the truth of which I cannot 
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ent/crtain the smallest doubt, is that the Pampean for- 
mation was slowly accumulated at the mouth of the 
former estuary of the Plata and in the sea adjoining it. 
I liave come to this conclusion from the reasons assigned 
against the two foregoing theories, and from simple 
geographical considerations. From tlie numerous sliells 
of the 2 \zara lahiata lying loose on the surface of the 
plains, [uid near Buenos Ayres embedded in the tosca- 
rock, we know tliat this formation not only was formerly 
covered by, but that the uppermost parts were deposited 
in, tile brackish water of the ancient La Plata. South- 
ward and seaward of Buenos Ayres, the plains were 
upheaved from under water iiihahiled hy true marine 
shells. We further know from Professor Ehrenberg's 
examination of the twenty microscopical organisms in 
the mud round the tootli of the Mastodon high up the 
course of the Parainf, that tlie bottom-most part of 
this formation w^as of brackish-water origin, A similar 
conclusion must be extimded to the ])eds of like com- 
position, at the level of the sea and under it, at 
31. Ilermoso in Bahia Blanca. Dr. Carpenter finds 
that the harder varieties of tosca-roek, collected chiefly 
to the south, contain marine spougoid bodies, minute 
fragments of shells, corals, and Polythalamia ; ib(»se 
perhaps may have been drifted inwards by tlio tides, 
from the more open parts of the sea. The ahsencre of 
shells, throughout this deposit, with the exception of 
the uppermost layers near Buenos Ayres, is a remark- 
able fact : can it be explained by the brackish condition 
of the water, or hy the deep mud at the bottom ? I 
have stated that both tlie reddish mud and the concre- 
tions of tosca-rock are often penetrated by minute, 
linear cavities, such as frequently may be observed in 
fresh-water calcareous deposits: — were they produced 
by the burrowing of small worms ? Only on this view 
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of the Pampean formation having been of estuary 
origin, can the extraordinary numbers (presently to be 
alluded to) of the embedded mammiferous remains be 
explained.^ 

With respect to the first origin of the reddish mud, 
I will only remark, that the enormous area of Brazil 
consists in chief part of gneissic and other granitic rocks, 
which have suffered decomposition, and been converted 
into a red, gritty, argillaceous mass, to a greater depth 
than in any other country which I have see’n. The 
mixture of rounded grains, and even of small fragments 
and pebbles of quartz, in the Pampean mud of Banda 
Oriental, is evidently due to the neighbouring and 
underlying primary rocks. The estuary mud was drifted 
d\iring the Pampean period in a much more southerly 
soutce, owing probably to the east and west primary 
ridges south of the Plata not having been then elevated, 
than the mud of the Plata at present is ; for it was 
formerly deposited as far south as the Colorado. The 
quantity of calcareous matter in this formation, espe- 
cially in those large districts where the whole mass 
passes into tosca-rock, is very great : I have already 
remarked on the close resemblance in external and 
microscopical appearance, between this tosca-rock and 
. the strata at Coquimbo, which have certainly resulted 
from the decay and attrition of recent shells : ^ I dare 

^ It Ik almost superfluous to pve the numerous cases (for instance, 
in Sumatra; LyelVs ‘Principles,’ voJ. iii. p, 320, sixth edit.), of the 
carcase's of aiiiinals having been washed out to sea hr swollen rivers; 
but I may refer to a recent account by Mr. nettingtori (‘Asiatic 8oc.* 
1845, Juno 21st), of oxen, deer, and boiirs bein^ carried into the Gulf of 
0am bray ; see, also, the account in my ‘Journal’ (‘2nd edit. p. 133), of 
the numbers of animals drowned in the Plata during the great, often 
recurrent, droughts. 

I may add. that, there are nearly similar superficial ciftcareous 
beds at l6ng George’s .Sound in Australia; and these undoubtedly 
hare been found by the disintegration of marine remains (see Chap- 
ter VII,). There is, however, something very remarkable in the 
frequency of superficial, thin beds of earthy calcareous matter, in 

A A 
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not, however, extend this conclusion to the calcareous 
rocks of the Pampas, more especially as the underlying 
tertiary strata in Western Banda Oriental, show that at 
that period there was a copious emission of carbonate 
of lime, in connection with volcanic action. 

The Pampean formation, judging from its similar 
composition, and . from the apparent absolute specific 
identity of some of its mammiferous remains, and from 
the generic resemblance of others, belongs over its vast 
area — throughout Banda Oriental, Entre Eios, and the 
wide extent of the Pampas as far south as the Colorado, 
— to the same geological epoch. The mammiferous 
remains occur at all depths from the top to the bottom 
of the deposit ; and 1 may add that nowhere in the 
Pampas is there any appearance of much superficial 
denudation : some bones which I found near 'the 
Guardia del Monte were embedded close to the surface; 
and this appears to have been the case with many of 
those discovered in Banda Oriental : on the Matanzas, 
twenty miles sontli of Buenos Ayres, a Glyptodon was 
eml>edded five feet beneath the surface ; numerous 
remains were found by S. Muniz, near Luxan, at an 
average depth of eighteen feet; in Buenos Ayres a 
skeleton was disinterred at sixty feet depth, and on the 
Parana I liave described two skeletons of the Mastodon 
only five or six feet above the very base of the deposit. 
With respect to the age of this formation, as judged of 
by the ordinary standard of the existence of Mollusca, 


districtw where the surrouudinpf rocks are not calcareous. ^Major < 'liarttTR 
in a I^apcr read before the Koyal tfeof'ra])lii(‘ai Society (April 13th» 
1840, and al^stracted in the ‘ Atlienaann/ p. 317). slates tJiut thisi.s the 
case in part.s of Mexico, and tl»a.t he Iuik observed similar appi^arances 
in many parts of South Afri<*a. The circunisUinco of iif»permost 
stratum round the rugged Sierra Vent.fina, consisting of calcareous or 
marly matter, without any covering of alluvia) matter, strikes me us 
very sintrular, in whatever manner we view the deposition and elevation 
of the Pampean formation. 
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the only evidence within the limits of the true Pampas 
which is at all trustworthy, is afforded by the still living 
Azara lahiata being embedded in tosca-rock near 
Buenos Ayres. At Punta Alta, howeveiC^ we have seen 
that several of the extinct mammifers, most character- 
istic of the Pampean formation, co-existed mth twenty 
species of Mollnsca, a barnacle and Jiwo corals, all still 
living on this same coast ; — for when we remember 
that the shells have a more ancient appearance than 
the bones ; tliat many of the bones, though embedded 
in a coarse conglomerate, are perfectly preserved ; that 
almost all the parts of the skeleton of the Scclidothe- 
rium, oven to the knee-cap, were lying in their proper 
relative positions ; and that a largo piece of the fragile 
dermal armour of a Davsypoid quadruped, connected 
with some of the bones of the foot, had l>eeu entombed 
in a condition allowing the two sides to be doubled 
together, it must assuredly be admitted that these 
mammiferous remains wore embedded in a fresh state, 
and tlierefore that the living animals co-existed with 
tlie co-embedded shells. Miueover, the Macnmchen ia 
Paiachontca (of wliich, according to Professor Owen, 
remains also occur in the IVmpas of Buenos Ayres, and 
at Punta Alta) has been shown by satisfactory evidence 
of another kind, to have lived on the plains of Pata- 
gonia long after the period when the acijoining sea was 
first tenanted by its present commonest molluscous 
animals. Wh must, therefore, conclude that the Pam- 
peau formation belongs, in the ordinary geological 
sense of the word, to the Kecent Period.^ 

At St. Fe Bajada, the Pampean estuary formation, 
with its mammiferous remains, conformably overlies 

' ’ JVT. (l’Orl)i^yiiy l)olieveH (‘Voyago, PaiHt. Geoloj?,’ p. 81) that thin 
forma tioTi, thou^di, ‘tres voisino do la notro, ost n&inTnoina de beaucoup 
a. nolro creation.’ 
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the marine tertiary strata, which (as first shown by 
M. d’Orbigny) are contemporaneous with those of 
Patagonia, and which, as we shall hereafter see, belong 
to a very ancient tertiary stage. When examining the 
junction between these two formations, I thought that 
the concretionary layer of marl marked a passage be- 
tween the marine, and estuary stages. * ]\1. d’Orlngny 
disputes this view (as given in my Journal), and I admit 
that it is erroneous, tliough in some degree excusable, 
from their conform alhiity and from both abounding 
with calcareous matter^ It would, indeed, have been a 
great anomaly if there had been a true passage between 
a deposit contemporaneous with existing species of 
Molliisca, and one in which all the mollusca appear to 
be extinct. Northward of St. Fe, M. dX)rl)igiiy met 
with ferruginous sandstones, marly rocks, and other 
beds, which he considers as a distinct and lower forma- 
tion ; but the evidence that they are not parts of the 
same with an altered minenilogical character, does not 
appear to me quite satisfactory. 

In Western Banda (Oriental, whilst the 'marine ter- 
tiary strata were aceumulating, there were volcanic 
eruj)t-ioijs, much silex and lime were precipitated from 
solution, coarse conglomerates were formed, being de- 
rived probably from adjoining land, and layers of red 
mud and marly rocks, like those of the Pampean for- 
mation, were occasionally deposited. The true i^•lmpean 
deposit, with mammiferous remains, instead of as at 
St. Fe overlying conformably the tertiary strata, is 
here seen at a lower level folding round and between 
the flat-topped, cliff-bounded bills, formed by the up- 
heaval and denudation of these same tertiary strata. 
The upheaval, having occurred here earlier than at 
St, Fe, may be naturally accounted for by the contem- 
poraneous volcanic action. At the Barrancas de S. 
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Grregorio, the Pampean deposit, as we have seen, over- 
lies and fills up furrows in coarse sand, precisely like 
that now accumulating on the shores near the mouth of 
the Plata, I can hardly believe that this loose and 
coarse sand is contemporaneous with the old tertiary 
and often crystalline strata of the more western parts 
of the province ; and am induced to suspect that it is 
of subsequent origin. If that section near Colonia 
could be implicitly trusted, in wliich, at a lieight of 
only fifteen feet above the Plata, a bed of fresh-looking 
mussels, of an existing littoral species, appeared to lie 
Ijetween the sand and the I^impean mud, I slioiild con 
elude that Panda Oriental must have stood, when the 
coarse sand was accumulating, at only a little below its 
present level, and had tlien subsided, allowing the 
i\stuary PaTn])ean mud to cover far and wide its surface 
up to a height of some hundred feet ; and that after 
this subsidence the province liad been uplifted to its 
present level. 

lu Western Banda Oriental, we know, from two 
unequivocal sections, that there is a mass, absolutely 
undistinguisliable from the true Pampean deposit, be- 
neath the old tertiary This inferior mass must 

be very much more ancient than the upper deposit with 
its mainmiferous remains, fur it lic^s Ix^neath the ter- 
tiary stint a in which all the sliells are extinct- Never- 
theless, tlie lower and upper masses, as well as some 
intermediate layers, are so similar in mineralogical 
character, that I cannot doubt that they are all of 
estuary origin, and have been derived from the same 
great source. At first it ajipeared to me extremely 
improbalile, that mucl of the same nature shoi*ld have 
been deposited on neiirly the same spot, during an im- 
mense lapse of time, namely, from a period equivalent 
perhaps to the Eocene of Europe to that of the Pam- 
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pean formation. But as, at the very commencement 
of the Pampean period, if not at a still earlier period, 
the Sierra Ventana formed a boundary to the south, — 
the Cordillera or the plains in front of tliem to t})e 
west, — the whole province of Corrient(^s probably to 
the north, for, according to M. d’Orbigny, it is not 
covered by the Pampean deposit, — and Brazil, as known 
by the remains in the caves, to the nortli-east ; and as 
again, during the oJder tertiary period, land already 
existed in Western Banda Oriental and near St. Fe 
Bajada, as may be inferred from the vegetable debris, 
from the quantities of silicitied wood, and from the 
remains of a Toxodon found, according io ]\I. d’< )rbigny, 
in still lower strata, we may conclude, that at this an- 
cient period a great expanse of water was surrounded 
by the same roc^ky framework which now bounds the 
plains of Pampean formation. Tins having been the 
case, the circumstance of sf'tliment of tlie same nature 
having ])een deposited in the same area during an im- 
mense lapse of time, thoiigh liighly remarkable, does 
not appear incredible. 

The elevation of the Pampas, at least of tlie southern 
parts, has been slow and interrux)ted by scjveral periods 
of rest, as may be inferred from tlie yjlains, clitfs, and 
lines of sand-dunes (with shells and pumice“X>ebbles) 
standing at different heiglits. I believe, also, that the 
Pampean mud continued to be deposited, after jjarts of 
this formation had already been ehivated, in the same 
manner as mud would continue to be deposited in the 
estuary of the Plata, if the mud-banks on its shores 
were now uplifted and changed into plains : I believe 
in this from the improbability of so many skeletons 
and l)ones having been accumulated at one spot, wliere 
M. Hermoso now stands, at a depth of between 800 and 
1,000 feet, and at a vast distance from any land except 
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small rocky islets, — as must have been the case, if the 
high tosca-plain round the Ventana and adjoining 
Sierras, had not been already uplifted and converted 
into land, supporting mammiferous animals. At Punta 
Alta we have good evidence that the gravel-strata, 
wliieh certainly belong to the true Pampean period, 
were accumulated after the elevation in that neighbour- 
hood of the main part of the Pampean deposit, whence 
the rounded •masses of tosca-rock were derived, and 
that rolled fragment of black bone in the same peculiar 
condition with the remains at Monte Hormoso. 

The number of the mammiferous remains embedded 
in the Pampas is, as I have remarked, wonderful : it 
should be borne in mind that they liave almost exclu- 
sively been found in the cliffs and steep banks of rivers, 
and that, until lately, they excited no attention amongst 
tbe inhabitants : 1 am firmly convinced tliat a deep 
trench could not be cut in any line across the Pampas, 
without intersecting the remains of some ipiadruped. 
It is difficult to form an ojunion in what part of the 
Pampas they are most numerous ; in a limited spot 
they could not well have been more numerous than 
they were at P. Alta ; the number, liowever, lately found 
by Sefior F. Muniz, near Luzan, in a central spot in 
the Pampas, is extraordinarily great : at the end of 
this chapter I will give a livst of all the localities at 
which I have heard of remains having been divscovered. 
Very frequently the remains consist of almost perfect 
skeletons ; but there are, also, numerous single bones, 
as for instance at St. Fe. Their state of preservation 
varies much, even when embedded near each ^ther : I 
saw ‘none others so perfectly preserved as the heads of 
the Toxodon and Mylodon from the white soft earthy 
bed on the Sarandis in Panda Oriental. It is remarkable 



36 o - 


Pampean Formation : 


PAST n. 


that iu two limited sections I found no less than five 
teeth separately embedded and I heard of teeth having 
been similarly found in other parts : may we suppose 
that the skeletons or heads were for a long time gently 
drifted by currents over the soft muddy bottom, and 
that the teeth occasionally, here and there, dropped 
out? 

It mav benaturallv asked, where did these numerous 
animals live? From tlie remarkable drscovcries of 
MM. Lund and Clausen, it appears that some of tlie 
' species found in the Pampas inhabited the high-lands 
of Brazil : the Mdstoclon Andimii is e.m])edded at great 
heights in the Cordillera from north of the equator ' to 
at least as far south as Tarija ; and as thei-e is no higher 
land, there can be little doubt that this Mastodcm must 
have lived on the plains and valleys of that great range. 
These countries, however, appear too far distant for 
the habitation of the individuals entombed in the 
Pampas : we must probably look to nearer points, for 
instance to the province of Corrientes, wliicli, as already 
remarked, is said not to he covered by the Parapi^an 
fonnation, and may therefore, at the period of its 
deposition, have existed as dry land. I have already 
given my reasons for believing that the animals em- 
bedded at M. Hermoso and at P. Alta in Bahia Blanca, 
lived on adjoining land, formed of parts of the already 
elevated Pampeau deposit. With respect to the food 
of these many great extinct quadrupeds, I will not 
repeat the facts given ininy Journal (second (^dit. p. 85), 
sliowing that there is no correlation ]>etween the luxuri- 
ance of the vegetation of a country and tlie size of its 

* HtiraLo] lit states that the Mastodon has liwai disocirered in New 
^Granada : it has. heeii found in Quito. Whrn at Lima, I saw a tooUi of 
a Mastodfui in the possession of Don M. Rivero, found at Phiya Chica 
on the Maranon, near the Gualla^ni. ^ Every one has heard of the 
numerous remains of Mastodon in Bolivia. 
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mammiferoiis* inhabitants^ I do not doubt that large 
animals could now exist, as far as the amount, not kind, 
of vegetation is concerned, on the sterile plains of Bahia 
Blanca and of the K. Negro, as well as on the equally, 
if not more sterile plains of Southern Africa. The 
climate, however, may perhaps have somewliat deterior- 
ated since tlie mammifers embedded at Bahia Blanca 
lived til ere; for we must not infer, from the continued 
existence of the same shells on the present coasts, that 
there has been no (‘bange in climate ; for several of 
these shells now range northward along the shores of 
Brazil, where the most luxuriant vegetation flourishes 
under a tropic^al temperature. Witli respect to the 
extinction, which at first fills the mind with astonish- 
ment, of the many great and small mammifers of this 
period, I may also refer to the work above cited (second 
edit. p. 173), in whicli 1 have endeavoured to sliow. that 
however unable we may be to explain tlie precise cause, 
we ought not properly to feel more surprised at a species 
becoming extinct than at one being rare ; and yet we 
are accustomed to view the rarity of any particular 
species as an ordinary event, not requiring any extra- 
ordinary agency. 

The several mammifers embedded in the Pampean 
formation, which mostly belong to extinct genera, and 
* some even to extinct families or orders, and wliicli differ 
nearly, if not quite, as much as do the Eocene mammifers 
of Europe from living quadrupeds having existed con- 
temporaneously with Mollusca, all still inhabiting tlie 
adjoining sea, is certainly a most striking fact. It is, 
however, far from being an isolated one ; for, during 
the late tertiary deposits of Britain, an ele])bant, rhi- 
noceros, and hippopotamus co-existed with many recent 
land and fresh-water shells; and in North America, we 
have the best evidence that a mastodon, elephant, 
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megatherium, megalouyx, mylodou, an extinct horse 
and ox, likewise co-existed with numerous land, fresh- 
water, and marine recent sliells.* The enumeration of 
these extinct North American animals naturally leads 
me to refer to the former closer relation of the 
mammiferous inhabitants of the two Americas, which 
I have discussed in my Journal, and likewise to the 
vast extent of country over which some of them ranged ; 
thus the same species of the Megatherimib^ Me<jidonyx^ 
Eqvns (as far as the state of their remains permits of 
identification), extended from the Sou them United 
States of North America to Bahia Blanca, in hit. S., 
on the coast of Patagonia. The fact of these animals 
having inhabited tropical and temperate regions, does 
not appear to me any great difficulty, seeing that at 
tlie Cape of Gooil Hope several quadrupeds, such as the 
elephant and liippopotamus, range from tlie Piquator to 
lat. 35^ south. The case of the Miwtodv)i Andium is 
one of more difficulty, for it is found from lat. S., 
over, as I have reason to believe, nearly the whole of 
Brazil, and up the Cordillera, to regions which, according 
to M. dY)rbigny, ])order on perpetual snow, and which 
are almost destitute of vegetation: undoubtedly the 
climate of the Cordillera must liave been different wdien 
the mastodon inliabited it; but w'e sliould not forget 
the case of the Siberian mammoth and rhinoceros, as 
showing how severe a climate the larger pachydermata 
can endure ; nor overlook the fact of the guanaco rang- 
ing at the present day over the hot low deserts of Peru, 
the lofty pinnacles of the Cordillera, and the damp 
forest-clad land of Southern Tierra del Fiiego ; the 

* Many original obaervatione, and a summary on this subject, are 
given in Mr, Lyell’s paper in tlie ‘ Geolog. Proc.' vol. iv, p. 3, and in his 
‘Travels in North America/ vol. i. p. 1G4, and vol. ii. p. (JO. Por the 
European analogous cases, see Mr. Lyell’s ‘ Principles of Geology ’ (6th 
edit.) vol. i. p. 137. 
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puma^ also, is found from the equator to the Strait of 
Magellan, and I have seen its footsteps only a little 
below the limits of perpetual snow in the Cordillera of 
Chile. 

At the period, so recent in a geological sense, when 
these extinct mamrnifers existed, the two Americas 
must liave swarmed with quadrupeds, many of tliem of 
gigantic size ; for, besides those more particularly 
referred to in this chapter, we mtist include in this 
same period those wondei'fully numerous remains, some 
few of them specifically, and others geiierically related 
to those of the Pampas, discovered by MM. Lund and 
Clausen in ilie caves of Brazil. Finally, the facts here 
given show how^ cautious w^e ought to be in judging of 
the antiquity of a formation from even a gi'eaf amount 
of difference between the extinct and living species in 
any one class of animals ; — we ought even to be cautious 
in accepting the general proposition, tliat change iu 
organic forms and lapse of time are at all, necessarily, 
correlatives. 


SUPPLEMENT. 

On the Thickness of the Farntpean Formation, near 
Buenos Ayres. 

Kepublislicd iroin the ‘Prw,. of the Geological 80c/ Dec. 3, 1862. 


M. Sourdeaux and J. Coghlan, Esq., C.E., have had the 
kindness to send me, through E. B. Weld), E^q*> C.E., 
some excellent sections of, and specimens from, two 
artesian wells lately made at Buenos Ayres. I beg 
permission to present these specimens to the Geological 
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Society, as they would be of considerable service to any 
one investigating the geology of that country. The 
Pampean formation is in several respects so interesting, 
from containing an extraordinary number of the remains 
of various extinct j\Tammifers, such as Megatherivm^ 
Mylodon^ Mastodon^ Toxodon^ &e., and from its great 
extent, stretcliing in a north and south line for at least 
750 geographical miles, and covering an area fully 
equal to that of France, that, as it appears to me, a 
record ought to be preserved of tliese borings. South- 
ward, at t])e Eio Colorado, the Pampean formation 
meets the great Tertiary formation of Patagonia; and 
northward, at St, F(5 Bajada, it overlies this same for- 
mation with its several extinct sludls. 

In tlie central region near Biumos Ayres no natural 
section shows its thickness ; but, by the borings there 
made in two artesian wells (figs. 31 and 32 ), tlie Pampean 
mud, wdth tbsca-rock, is 8e(m to ext^md downwards 
from the level of t he Eio Plata to a deptli of sixty-one 
feet, and to this must bea(]dc<l fifty-five feet above the 
level of the river. Tliese argillaceous binls overlie 
coarse sand, containing the Az(ir<t lahiida (a shell 
characteristic of the Pamp(?an formation), and attaining 
a thickness of about nintcy-three feet.* So lliat the 

* T}if‘ following extract from the Report of the 1>orers to this 

hed: — ‘The [jed of yellow, tliu<l sands hetween and i7'”'20 below 

tlic ground contains asu’otcrnineaii ascereling current, the level of wliieh 
lias not TiU’icd hy a centimetre for three years. I'lie is 0"'-(;{) 

(2 feet over the level of the wells at Jiarracas), Tliis hed (‘napn ’) is 
powerfully a]i.st)rbent. At 68'"'30 a second siihterranean current 
(* ovei'jfiioMnni^'), was met, which rose one foot over tin^ mrfaee of the 
ground at Rarracas. The discharge was ahoiit oO pipes daily, hut the 
water was salt and undrinkahle. At 7H*'*'30 was f<mnd a th'ird subter- 
ranean current (‘ ovijrdowing '), wdiich reached with diflicnlty the level 
of the ground. The discharge mi^^ht be caleulnted at 100 pipes daily. 
The wat(;r was very salt, and absorbed that of the first overflowing 
current. The great spring w^cus met with a.t 77*’”flo.’ 

As regards the quality and abundance of th(‘‘ water, Mr. Coghlan 
remarks that ‘Tlio quantity of ■watei' <liscdiarged ])er hour through a 

n of about 4 1 inchc.s in diameter, at a level of C feet above high- 
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entire thickness of the great estuarine or Pampean for- 
mation near- Buenos Ayres is nearly 210 feet. 


No. 31. 

CoBopaiutive sections of the Arto-siiin Wells of Barracas and Buenos Ayres. 
(Distance, '3^ milCo.) 

Barracas. Tllachnolo. I'ucnas Ayres. 


Level of oqni- ] 
librinin of 
the priniri- 
lial spring j 


Ist spring . . 


2ml .spring . , 

3rd spring , . 
4tii spring . . 



a. Clays and Tosco 

b. Piwid .... , 

c. Very sandy clay . . , ) 

d. Dark bine idastic clay . , j- . 

e. Tom. 11 . with (nhmri'oiis nodules 1 
/. Yellow sttudtj, very fine and fiaid 


Thickncffei 

ThiclinG^s 

at Barracas. 

. at Buenos 

Ve(>t 

Ayres. Feet 

. — 

fi7 • 

13 

SI 

. 47 

62 

. 04 ^ 

45 


water mark, was 2,658 gallons. Its temperature was 21® Cent., and it 
had a slightly disagreeable taste, from its being impregnated with salts 
of lime and magnesia, and a small quantity of sulphuretted hydrogen.' 
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Thicknofts Tlii<’kn€«8 
at Barracas. at Buenos 
I’eet Ayres. Feet 

fl'. Green sanrls tKt <»2 

A* Tertiary clay and sandstone (for details see fig. 52) . 54 55 

A*,, Hard 8aods>tone at the bcittoin of the Barracas well 
i:,. Very calcareous red clay, becoming more marly be 
neath ; boreal through to a depth of 


This formation rests on various marines hecis of in- 
durated green clay, sand with corals, sandstone, and 
limestone, altogether 107 feet in thickness. These 


No. 32. 

Detailed sectiou of tluc Artesian Well at Barrnca.'»i 


Thicknesf! 
in niem'K 

<r. Sand 4’55 

b. Very arc'nao'cn*? clay S’02 

j Hijc clay ^ 

( Blue plH'^lic elay 

d, Tosea, with caleareotw nudnles .... 2*Li(> 

c. Yellow sjuid, very Hno and finid, with quartz 

IH'bbl<?s and fluviatile shells .... 

/. Gtv‘om clay, mon; or Icin'* plastic and <'}th*arcou'^. 
with iron pVTitas, marine shells, and nodule-* 

of lithographic stone 2h'30 

r 7 . Orcen sand with s-hells and quiu-tz pel)h]es . . 'SO 

/<. Shelly limestone ‘45 

I, ( alnmHnH clay 2’0(> 

I, Orcdt arenacoouB clay . 
in. Shelly san<lstone , 

win (>act ftrenoccoits clay .... 

'io >«iiidstonp 1‘40 

n Mind, very fine and fluid, with quartz 
), bblx'S and shells 


<i <1 

beds contain fragments of the great OHrea Pdtarjontca^ 
O. Alvarezti (?), Peeten P *xr(vmamH^ and other shells, 
apparently the same (but they liave not been rigorously 
compared) with those (‘UunrifTated by A. d'Orbigny 
and by myself as found at St, Fe Bajada, as wedi as at 
various points on the coast of Patagonia. Th(i already 
enormous continuous extension of the Patagonian ter- 
tiary formation is thus largely increasf-d. Beneatfr 
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these beds a mass of red calcareous clay, becoming in 
the lower part more and more marly, containing layers 
of sand, and of the thickness of 213 feet, was bored 
through to a depth of 470 feet from the level of the 
Rio Plata. This lower mass contained no fossils, and 
its age is of course unknown ; * hut, I may add, that I 
saw at two points in Western Banda .Oriental, l)eneath 
the marine tertiary strata, beds of red clay with marly 
concretions, which, from their mineralogical resemblance 
to the overlying Pampean formation, seemed to indicate 
that at an ancieni . period the Rio Plata had deposited 
an estuarine formation, subsequently covered by the 
marine tertiary beds, and these by the more modern 
estuarine formation, with its remains of numerous 
gigantic ilarnrnalia ; and that, finally, the whole had 
been elevated into the ]>resent plains of the Pampas. 


Localiiin wifhhi Ike region of the Pampas tvherc great hones have 
- been found. 

The list, which incliidcsi every account wliich I have 

hitherto met ANith of the discovery of fossil mammifen^us remains 
ill the Pani})as, maybe hereafter useful to a preolojrist iri\ <\slip^atiii^ 
this refriou, and it tends to show their extmordinary abundance. 
I heard of and saw many fossils, the original position of which I 
could not asceitain ; and I received many statements to(> vajrue to 
lie here iusi-rfed. Bep’nninpr to the south: — we have the two 
stations in jlahia Blanca, described in tihs cliajder, where, at P. 
Alta, tlie Meijratherium, Mefrolonyx, Scelidotherium, Mylodoii, 
IIolo])hractus (or an ^llliod ^enus), Toxodon, Macrauehenia, and 
an Equus wert* collected ; and at M. Ilermoso a Oteuoinys, Ilydro- 
cberus, some other rodents and the hones of a ^reat megatheroid 
quadruped. CHoso novth-(nist of the S. Tapalguen, we luive the 
Kio * Ifuesos ’ (i. e. hones), which probably tabes its name from 
large fossil bones. Near Villa. Nuevo, and at Lae Avenas, not 
far from the Salado, three nearly perfect skeletons, oaie of the 
Megatheriuiti, one of the Glyptodon elaripes, and one of some great 
Basypoid quadruped, were found by the agent of Sir W, Parisjb 

* It was supposed by I>r, Burmeister to bo Silurian. 
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(see Ms work * Buenos Ayres/ &c, p. 171). I liave seen the tooth 
of a Mastodon from the Salado ; a little northward of this river, 
on the borders of a lake near the G. del Monte, I saw many bones, 
and one larjre piece of dermal armour ; lii^her up the Halado, there 
is a place called Monte ^ Iluesos.’ On the Matanzas, about twenty 
miles south of Buenos Ayres, the skeleton (vide p. 17?^, of ^Buenos 
Ayres/ &c, by Sir W. Pariah) of a Glyptodon was fomid about 
live feet beneath the surface ; here also (see * Oat. of lioyal Gollepfe 
of Surgeons ' ) remains of Glyptodon davip<>s^ G. otniaim, and G, 
retindatm vrere fouhd. Siprnor Angelis, in a letter which 1 have 
seen, refers to some <rreat numiins found in Buenos Ayres, at a 
depth of twenty varas from the surface. Seven leii<rues north of 
this city the same author found tlie skeletons of Mylodon rohuMm 
and Glyptodon orimtns. From this iieijrhbourhaoil he has lately 
s^nt to the British Museum the followTfj^^ fossils: — Bemains of 
three or four individuals of Megatheriuin ; of three species of 
Glyptodon ; of tliret' individuals of the Motif odon Amlium ; of 
Macrauchenia ; of a second species of Toxodon, dillerent from T. 
Platenm: and lastly, of tlie Machairodus. a 'Wf)ndorful larjre car- 
nivorous auiuial. M. d'Orbi^my ha.s lately received from tlie Jieco- 
latc Q Voyage,’ Pal. p. 144), near Buenos Ayres, a tooth of Toxodon 
Tlatenm. 

Proceeding northward, along the wesi hank of the Parana, wo 
come to the llio Luxan, where two slodetons of the Megatherium 
have been found ; and lately, within eight lengrues of the town of 
Jaixan, Dr. F. X. Muniz has collected (‘British Packet/ Buenos 
Ayres, September 25th, 1^41), from an average depth of eighteen 
feet, very numerous remains, of no less than, as he Ijelieves, nine 
distinct s])ecies of maramifers. At Areco, large bones have been 
found, w'hich are believed, by tlie inhabitants, to have been changed 
from small bones, by the water of the river ! At A rrecifes, the 
Glyptodon, sent to the College of Surgeons, was found ; and I 
have seen two teeth of a Mastodon from this (piarter. At S. 
Xicolas, M. d'Orbigny found remains of a Canis, Ctenoinys, and 
Kerodon; and M. Isabelle (‘Voyage,’ p. o.32) refers to a gigantic 
Armadillo found there. At S. Carlos, 1 heard of great bones. A 
little below’^ the mouth of the Carcarana, the two skeletons of 
Mastodon were found ; on the banks of this river, near S. Miguel, 
J found teeth of the Ma.stodon and Tox<idon ; and ‘ Fallmer ’ 
(p. 55) describes the viss^ous armour of some great animal ; I heard 
of many other bones in this neighbourhood. I have seen I may 
add, in the possession of Mr. Caldcleugli, the tooth of a Mastodon 
Andium^ said tr> have been found in Paraguay ; 1 may bore also refer 
to a statement in this gentleiuan^s travels ( vol. i. p, 48), of a great 
skeleton having found in the province of Bolivia in Brazil, on 
the K. de las Contas. The farthest ])oint w estward in. the Pampas, 
at which I have heard of fossil bones, w^as high up on the banks of 
the R. Quinto. 

In Entre Rios, besides the remains of tlie Mastodon, Toxodon, 
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Equus, and a p^reat Basypoid quadruped near 8t. Fe Bajada, I 
received an account of Ixinec? having been found a littlfj 8E. of 
P. Gorda (on the Parana), and of an entire skeleton at Matanzas, 
on the Arroyo del Animal. 

Ill Banda Oriental, besides the remains of the Toxodon, Mylo- 
don, and two skeletons of great animals with osseous ariiiour (dis- 
tinct from that of the Glypt-odon), found on the Arroyos Sarandis 
and Ik^rquelo, M. Isabelle (‘ Voyage,' p. .‘522) says* many bones 
have becjii found near the It. Negro, and on the li. Arapov, an atliuent 
of the Paraguay., in lat. 40" south. 1 licjird of bom‘.s near the 
source of the A. VivoraS. I saw the remains of a Dasyptdd quad- 
rujied from the Arroyo 8eco, close to jU. Video ; and ^1. d’Orbigny 
refers (‘ Voyage, (uhdog.’ 24) to anotlie.r found on the Poderual, 
an alHuent of the St. Lucia ; and Signor Angcdis, in a letter, t'tatek 
that a third skohdon of this family has been founrl, mnir Gane- 
lones. 1 s^w a tooth of the Ma.stodon from Talas, anotlier allluent 
of the St. Lucia. Tin* most eastern })oint at which 1 lieard of 
great Itoiuis having been foimd, was at Solis Grandt*, between 
M. Video and Maldonado. 
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CHAPTEE XII. 

ON THE OLDEK TERTIAKT FOEMATIPNS OF PATAGONIA AND 
CHILE. 

Rio Nf'gro — vS'. Josef— Vort Desire, vMic pimlccovs tnvdsfo'nc vitk in- 
fusoria — Vori S. tful km— Santa Cruc^, hasaliic lava of—P. (kille^os — 
Eastei'n Tierra kJ Fueffo ; haves of extinct heech ti^e(S — Swmnari^ on 
the Patagonian tertian/ fnmiut ions — Tertiary format ions of the Western 
Coast — Chonos ank Chi toe groups, volcanic roclcs of —Concepcion — 
Psavklad" -Coquimho—Sn/nmmp-Age of the tertiari/ formations — 
Lines of ekvatio a — Silieified wood — Comparative rmtges of the extinct 
and lining Mottnsro on the West Coast of S. Awrica — Climate of the 
teriiafjj period — On the vanses ef the absence of recent vo/ichiferons 
deposits on the coasts of S. America — (M the contemporaneous deposi- 
icon and preservation of scdmejitarg formations. * 

Ttlo Kefjro, — I can add little to the details i^ven by 
M. d’Orbigny * on tlie sandstone formation of tins dis- 
♦ trict. The cliffs tg llie south of the river are about 
200 feet in height, and are composed of sandstone of 
various tints and degrees of hardness. One layer, which 
thinned out at both ends, consisted of eartliy matter, of 
a pale reddish colour, with some gypsum, and very like 
(I speak after comparison of tlie specimens brought 
home) Pampean mud : above tliis was a layer of compact 
marly rock witli df^ndritic manganese. Many blocks of 
a conglomerate of pumic(^-peb]>les embedded in hard 
^sandstone were strewed at the foot of the cliff, and had 
evidently fallen from above.. A few miles NE. of the 


* * Voyage, Part. Geoiog/ pp. o7-65. 
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town, I found, low down in the sandstone, a bed, a few 
inches in thickness, of a white, friable, harsh-feeling 
sediment, which adheres to the tongue, is of easy fusi- 
bility, and of little specific gravity ; examined under 
the microscope, it is seen to be pumiceous tuff, formed 
of broken transparent crystals. In the cliffs south of 
the river there is, also, a thin layer of nearly similar 
nature, but finer grained, and not so white ; it might 
easily have been mistaken for a calcareous tuff, but it 
contains no lime : this substance precisely resembles a 
most widely extended and thick formation in southern 
Patagonia, hereafter to be described, and which is re- 
markable for being partially formed of Infusoria. These 
beds, conjointly with the conglomerate of pumice, are 
interesting, as sh('>wing the nature of the volcanic action 
in the Cordillera during this old tertiary period. 

In a bed at the base of the southern (*litFs, M. d’Or- 
bigny found two extinct fresh-water sliells, namely, a 
llnio and Cl)ilina. This bed rested on one with bones 
of an extinct rodent, namely, tbe Mefinotnff^ Patafjfml- 
oisis ; and this again on another with extinct marine 
shells, Thc^ species found by M. d'Orbiguy in different 
parts of this formation consist of: — 


1. Ofitvea Patfiponica, d’Orbig.. 

‘ Voyarfe I’al/ (also at St. 
F(\ a.i)d whole coast of Pata- 
pfOTjia). 

2. Ostrca Fcrnirisi, do. 

3. Ostrea Alvarezii, d’Orbig. 


‘ Voyage Pal.’ (also St. Fe and 
S. .1 o.vcf ). 

4. Pecten l^at agon ion sis, do. 

Ck A’'enus Miiiisterii, do. (also St. 
Fv). 

6. Area PoDplaudiaua, do. (do.) 


According to M. d’Orbigny, the sandstone extends 
westward along the coast as tar as Port S. Antonio, and 
up the It. Negro far into the interior : northward I 
traced it to the southern side of the llio Colorado, where 
it forms a low denuded jdaiii. This formation, though 
contemporaneous with that of the rest of Patagonia, is * 

B Jt 2 
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quite different in mineralogical composition, being con- 
nected with it only by the one thin white* layer: this 
difference may be reasonably attributed to the sediment 
brought down in ancient times by the Rio Negro ; by 
which ^agency, also, we can understand the presence of 
the fresh- water shells, and of the })ones of land animals. 
Judging from the identity of four of the above shells, 
this formation is contemporaneous (as remarked by 
]M. d’Orbigny)*with that under the Pampean deposit in 
Eritre Rios and in Banda Oriental. The gravel eap]iing , 
tlie sandstone plain, with its calcareous cement and 
nodules of gypsum, is probably, from the reasons given 
in the edghth chapter, contemporaneous with tlieiqiper- 
most beds of the Pampean formation on the upper plain 
north of the Colorado. 

&ari Josef, — My examination here was very short : 
tlie cliffs are about 100 feet high ; the lower third 
consists of yellowish-brown, soft, slightly calcareous, 
muddy sandstone, ]rarts of whi(Ji wlieri struck emit a 
fetid smell. In this bed the great Ostrea Pafajfonlva, 
often marked with dendritic manganese and small coral- 
lines, were extraordinarily numerous. I found here the 
following shells : — 

1. Ostroa PatagoTiica, d’Orbig. ‘Voyage Tab’ (also at St. Fe and wliole 

coast of raOigonia). 

2. Ostrea Alvan'zii, d’Orbig. ‘ V. Pal.' (also vSt. F/‘ and Tl. NogroV 

3. Pectcu ParanoTisis. d’Orbig ‘ V. Pal.’ and IM. III. f. 30 (»f this work . 

(also St. Iv, S. Julian, an<l Port Pcsiro). 

4. Pecton Darwinianns, d’Orbig. ‘ V. Pal.' iiiid PI. HI. f. 28 and 20 (also 

St. F6). 

d. Pecten actinodes, G. B. Sowerby, PI HI. f. 3.3. 

6. Terobratula. Pat agon ica, G. B. Sowerby, PI. II. f. 26 and 27 

(also S. Julian). . 

7. Casts of a Turritella. 

The four first of these species occur at St. Fe in 
Entre Rios, and the two first in the sandstone of the 
Rio Negro. Above this fossiliferous mass, there is a 
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stratum of veiy fine-grained, pale brown mudstone, 
including numerous laminae of selenite* All the strata 
appear horizontal, but when followed by the eye for a 
long distance, they are seen to liave a small easterly 
dip. On the surface we have the porphyritic gravel, 
and on it sand with recent shells. 

Nuevo Gulf. — From specimens and notes given me 
by Lieut. Si^okes, it appears that the lower bed consists 
of soft muddy sandstone, like that of S. Josef, with 
many imperfect sb<‘lls, including the PecUn Paraneusis., 
d'Orbig., casts of a Turritella and Scutella. On this 
tliere are two si, rata of the pale brown mudstone, also 
like that of iS. Josef separated by a darker coloured, 
more argillaceous variety, including the Ostrea Fata- 
gonica. Prof. Ehrenberg has examined this mudstone 
for me : he finds in it three already known microscopic 
organisms, eiiA^eloped in a fine-grained piimiceous tuff, 
which I shall have immediately to describe in detail. 
Specimens brought to me from the uppermost bed, 
north of the Kio Cluipat, consist of this same substance, 
but of a whiter colour. 

Tertiary strata, such as are here described, appear 
to extend along the whole.coast between the Kio Chupat 
and Poit Pesire, except where interrupted by the under- 
lying claystone porphyry, and by some metamorphie 
rocks ; these hard rocks, I may add, are found at in- 
tervals over a space of about five degrees of latitude, 
from Point Union io a point betweeil Port S. Julian 
and S. Cruz, and will be described in the ensuing chp-pter. 
Many gigantic specimens of the Ostrea Patagouica 
were collected in The Gulf of St. George. 

Port Desire. — A good section of the lowest fossili- 
ferous mass, about forty feet in thickness, resting on 
claystone porphyry, is exhibited a few miles south of 
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the harbour. The shells sufSciently perfect to be 

recognised consist of : — 

1. Ostrea Patagonica, d’Orbig. {also at St. Pe and wliole coast of 

Patugunia). 

2. Pect<^n Piiranensis, d’Orbig. ‘ Voy. Pal.,’ and PI. III. f. 30 of tins 

•vrork (also at St. Pt\ S. Josef, S. .lulian). 

3. Pocteu centralis, G. 13. Sowerby, PI. III. f. 31 (also S. Julian and 

S. Cruz). 

4. Cuciillsna alta, 4b., PI. II. f. 22. 23 (also S. Cruz). 

«5. Nncula oraata, do., PI. II. f. 10. 

6, Turritelia Patiigonica, do., PI. III. f. 48. 

The fossiliferous strata, where ^not denuded, are 
conformably covered by a considerable thickness of the 
tine-grained puiniceous mudstone, divided into two 
masses: the lower lialf is very fine-grained, slightly 
unctuous, and so compact as to break with a semi- 
concboidal fracture, though yielding to tlie nail ; it 
includes lamince of selenite; the upper half precisely 
resemble.s the one layer at the Kio Nt'gro, and with the 
exception of lieing whiter, the upper beds at San Josef 
and Nuevo Gulf. In neitlujr mass is tlierc any trace to 
the naked eye of organic forms, luking tlie entire 
deposit, it is generally quite white, or yellowi.sh, or 
feebly tinted with green ; it is either almost friable 
under tlie finger, or as hard as chalk; it is of easy 
fusibility, of little specific gravity, is not harsh to the 
touch, adheres to the tongue, and wlien breathed on 
exhales a strong aluminous odour ; it sometimes con- 
tains a very little calcareous matter, and traces (besides 
the included laminaE;) of gypsum. Under the microscope, 
according to Prof. Ehreiiberg,* it consists of minute, 
triturated, cellular, glassy fragments of pumice, with 
some broken crystals. . In the minute glassy fragrhents, 
Prof. Ehrenberg recognises organic structures, which 
have been affected by volcanic heat : in the specimens 
from this place, and from Port S. Julian, he finds six- 

* ‘Monatsberichten der kbntg. Akad. zu Berlin, vom April, 1845.’ 
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^teeii Polygastrica and twelve Phytolitharia. Of these 
organisms, seven are new forms, the others being pre- 
viously known : all are^f marine, and chiefly of oceanic, 
origin. This deposit to the naked eye^’esembles the 
crust which often appears on weathered surfaces of 
feldspathic rocks ; it likely ise resembles those beds of 
earthy feldspathic matter, sometimes interstratified witli 
porphyritic rocks, as is the case in this very district 
with the underlying purple claystone porphyry. From 
examining specimens under a common microscope, and 
comparing them with other specimens undoubtedly of 
volcanic origin, 1 liad come to the same conclusion with 
Prof. Ehrenberg, namely, that this great deposit, in its 
lirst origin, is of volcanic nature. 

Fori S. Jvblian , — On the south side of the harbour, 
the following section, which I here repeat, gives the 
nature of the beds seen in* the cliffs of the ninety feet 


No, 33, 

S<sction of the strata oxhlbite<l in th« clifEs of the y()-feet plal^at Poft 
S. Juliau, 

^ A A 




plain. Beginning at the top, — 1st, the earthy mass 
(A A),including the remains of the Macraucheiiia, with 
recent shells on the surface ; 2n(l, the porphyritic 
shingle (B), which in its lower part is interstratified 
(owing, I believe, to redeposition during denudation) 
with the white pumiceoua mudstone; 3rd, this white 
mudstone, about twenty feet in thickness, and divided 
into two varieties (C and D), both closely /*esembling 
the lower, fine-grained, more unctuous and compact 
kind, at Port Desire ; and, as at that place, including 
much selenite ; 4th, a fossiliferous mass, divided into 
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tJiree itiain beds, of which the iippermost is thin, and. 
consists of ferruginous sandstone, with many shells of 
the great oyster and Pecien Pibranensis ; the middle 
bed (E) is a yellowish earthy sandstone abounding with 
Scutella^ ; and the lowest bed (F). is an indurated, 
greenish, vsandy clay, including large concretions of 
calcareous sandstone, many sliells of the g^eat oyst(?r, 
and in parts almost made up of fragments of lialanidie. 
Out of these three beds, I procured the following t welve 
species, of which the two first were exceedingly numerous 
in individuals, as were the Terebratulae and Turritellie 
in certain layers : — 

1. Ostron PatagoiiicJi, d’Orli. ‘ Voyage Pal/ (also at St. F6 and whole 

coast of Patagonia). 

2. Peoten Paranensis, d’Orbig. do., and PI. III. f. 30 of this work (St. 

Fe, S. Josef, Port Desire). 

3. Pecten centralis, G. B. Sowerhy, PI. III. f. 31 (also P. Desire and 

S. Oniz). 

4. Pecten gpniinatns, do., PI. II. f. 24. 

r». ^'erel)ratn]a Piitagonicn, do., PI, II. f. 26 and 27 (also S. Jo.sef). 

fi. Strut liiolaria omata. do.. PI. IV, f. 62 (also S. CVuz). 

7. l-'lisiis ratagonious. <lo., PI. IV. f. 60. 

8. Fnsns Noachinus, do., T^l. IV. f. ,58 and ,59. 

9. Scalaria ruguiosa, do., PI. III. f. 42 and 43. 

10. Turritolla ambulacrum, do., PI. III. f, 49 (also S. Cruz). 

11. Pynila. cast of, like P. ymitricosa of Sowerby, Tank Cat. 

12. Balarius rnrians, G. E. Sowerby, PI. 11. f. 4, 6, 6. 

13. Scutella, differing from the species from Nuevo Gulf. 


At the head of the inner harbour of Port 8. Julian, 
the fossiliferous mass is not displayed, and the sea-cliffs 
from the water's edge to a height of between 1 00 and 
200 feet are formed of the wliite pumiceous mudstone, 
which here includes innumerable, far-extendcxJ, some- 
times horizontal, sometimes incHtied or vertical laminao 
of transparent gypsum, often about an inch in thick- 
ness, Further inland, with the exception of the 
superficial gravel, the whole thickness of the truncat^ed 
lulls, which represent a formerly continuous plain 950 
feet in height, appears to be formed of this white inud- 
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stone : here and there, however^ at variaus heights, thin 
eaithy layers, containing the great oyster, Pecten Para- 
nends and Turritella ambulacrum, are interstratified ; 
thus showing that the whole mass belongs to the same 
epoch. I nowhere found even a fragment of a sliell 
actually in the white d(?posit, and only a single cast of 
a Turritella. Out of the eighteen microscopic organisms 
discovered by Ehrenberg in the specimens from this 
place*, ten are common to the same deposit/ at Port 
D,(!sire. I may add that specimens of this white mud- 
stone, with the same identical characters were brought 
me from two points, — one twenty miles nortli of S. 
Julian, where a wide gravel-capped plain, 350 feet in 
height, is thus composed; and the other forty miles 
south of S. Julian, where, on the old charts, the cliSs 
are marked as ^ Chalk Hills." 

Santa Cruz. — Tlie gravel-capped cliffs at the mouth 
of the river are 355 feet in height: the lower part, to 
a thickness of fifty or sixty feet, consists of a more or 
less hardened, darkish, muddy, or argillaceous sandstone 
(like the lowest bed of Port Desire), containing very 
many shells, some silicified and some converted into 
yeihuv calcareous spar. The great oyster is here 
numerous in layers ; the Trigonocelia and Turritella 
are also very numerous : it is remarkable that the 
Pccien Paranensis, so common in all other jiarts of 
the coast, is here absent : the shells consist of : — 

]. Ostrua PatajLj:oni(’H, d’Orhig. 'Voyage Pal/ (also at 8t. and 
wliolc const of Patagonia). 

2. }*ect(‘n centiulis. G. 13. Sowerby, PI. III. f. 31 (also P. Desire and 

S. Julian). 

3. Venus racridionalis ofG. B, Sowerby, PI. 11. f. 13. 

4. Crassatella Lydlii, do. PI. IL f. 10, 

5. Gardiujt) puolchuni, do. PI. II. f. 15. 

G. Cardita Patagonica, do. J*I. IT. f. 17. 4 , 

7. Miiotra rugafii, do, T*l IL f, 8. 

8. MUctra Darwinii, do. PI. 11. Y. 9. 

9. CttCullfiE^ alta, do. PI. II. f. 22, 23 (also P. Desire). 
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10. Trigonocelia iusolita, do. PI. II. f. 20, 21. 

11 . Kucula (?) glabra, do. PI. II. f. 18. 

12. Crepidula gregaria, do. PL III. f. 31. 

13. Voluta alta, do. PL IV. f. 75. 

14. Trochus collaris, do. PL III. f. 44, 45. 

15. Natica solida (?), do. PL III, f. 40, 41. 

16. Sfcriithiolfiria ornata, do. PL IV. f. 62 (also P. Desire). 

17. Turritella ambulacrum, do. PL III. f. 49 (also P. S. Julian). 

Imperfect fnigmonts of tho genera Byssoarca, Artemis, and Fusus. 

The upper part of the cliff is generally divided into 
three great strata, differing slightly in composition, but 
essentially resembling the pumiceous mudstone of tlie 
places farther north ; the deposit, however, here is more 
arenaceous, of greater s^jecific gravity, and not so white : 
it is interlaced with numerous thin veins, partially or 
quife filled with transverse fibres of gypsum ; these fibres 
were too short to reach across the vein, have their extre- 
mities curved or lient : in the same veins with tlie gyp- 
sum, and likewise in separate veins as well a*s in little 
nests, there is much powdery sulphate of magnesia (us 
ascertained by ]Mr, Reeks) in an uncompressed form : I 
believe that this salt has not heretofore l)een found in 
veins. Of the three beds, t he centml one is the most com- 
pact, and more like ordiiuiry sandstone : it includes uu- 
meruus flattened spherical concTetions, often united like 
a necklace, composed of hard calcareous sandstone, con- 
taining a few shells : some of those concretions were 
four feet in diameter, and in a horizontal line nine feet 
apart, showing that the calcareous matter must have 
been drawn to the centres of attraction, from a distance 
of four feet and a half on both sides. In the upper and 
lower finer-grained strata, there were other concretions 
of a grey colour, containing calcareous matter, and so 
fine-grained and compact, as almost to resemble por- 
celain-rock : I have seen exactly similar concretions in 
a volcanic tufaceous bed in Chiloe. Although in this 
upper fine-grained strata, organic remains were very 
rare, yet I noticed a few of the great oyster ; and in 
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one included soft ferrugihous layer, there were some speci- 
mens of the CuGullcm alia (found at Port Desire in the 
lower fossiliferous mass) and of the Mactva mgata^vihich 
latter shell has been partially converted into gypsum. 

In ascending the valley of the S. Cruz, the upper 
strata of the coast-cliffs are prolonged, with nearly the 
same cllUracters, for fifty miles: at about ihis point, 
they begin in the most gradual and scarcely perceptible 
manner, to be banded with white lines ; and after as- 
cending ten miles farther, we meet with distinct thin 
layers of whitish, greenish, and yellowish fine-grained, 
fusible sediments. At eighty miles from the coast, ^ in 
a cliff thus composed, there were a few layers of ferru- 
ginous sandstone, and of an argillaceous sandstone with 

No. 34. 

Section of the plaios of Patagonia, on the banks of the S. Cruz. 

Siu'fjict! of plain witli emitic bouWors ; l,4n> ft- above the sea. 



Jlivei' of S. Cruz ; here 280 ft. above hca. 

a. Gravel and boulders. b. Bnsaltlo lava. 

c. Sedimentary layerji, d. Bed of small iiebbles. e. Talus. 


concretions of marl like those in the Pampas. At 100 
miles from the coast, that is at a central point t^tween 

» ^ At this spot, for a space of three quarters of a mile along the 

north side of the river/ and for a widtli of half a mile, there has been a 
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the Atlantic and the CordilleraC, we have the preceding 
section. 

The uppei- half of the sedimentary mass, under the 
basaltic lava, consists of innumerable zones of perfectly 
wliite, bright green, yellowish and brownish, fine-grained, 
sometimes incoherent, sedimentary matter. The wliite, 
pumieeous, trachytic tuff-like varieties are Of rather 
greater specific gravity than the pumieeous mudstone 
on the coast to the north : some of the la^^ers, especially 
the browner ones, are coarser, so that the broken crys- 
tals are distinguishable with a wak lens. Tlie layers 
vary in eliaracter in short distances. M'ith the excep- 
tion of a few of the Odretc Patar/oiiica, 'which appem-ed 
to have rolled down from tlie cliff above, no organic 
remains were found. The chief difference between 
these layers taken as a whole, and the upj>er beds both 
at the mouth of the river and. on the coast northw^ard, 
seems to lie in the occasional presence of more colouring 
matter, and in the supply having been intermittent; 
tln^se characters, as we have seen, very gradually dis- 
ajipear in descending the valley, and this fact may 
perhaps be. accounted for by the currents of a more 
open sea having blended together the sediment from a 
distant and intermittent source. 

The coloured layers in the foregoing section rest on 
a mass, appartmtly of great thickness *(but much hidden 
by the talus), of soft sandstone, almost composed of 
minute peb]»les, from one-tentl) to two-tenths of an 
inch in diameter, of the rocks (with the entire exception 

^rreat slip, 'which has formed hills Ix'tweeri 00 and 70 feet in height, and 
has tilted the strata into hiifhly inclined and cnai Yertical positions. 
The strata geJiorall V dipp<H] at. an angle of 40° towards the cliff from 
which they had slided. I have observed in slips, bot h on a email and 
large scale, that this inward dip is very general. Is it due to, the 
hydrostatic pressure of water percolating with difficulty through the 
strata acting with greater force at the base of the mass than against t)j§ 
upper part ? 
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of the basaltic lava) composing the great boulders on 
the surface of the plain, and probably composing the 
neighbouring Cordillera, Five miles higher up the 
valley, and again thirty miles higher up,' (that is twenty 
miles from the nearest range of the (Cordillera) the lower 
plain included within the upper escarpments, is formed, 
as seen on the banks of the river, of a nearly similar 
but finer-grained, more earthy, laminated sandstone, 
alternating with argillaceous beds, and containing nu- 
merous moderately sized pebbles of the same rocks, and 
some shells of the great Ostrea Patcif/onica. As most^ 
of these shells liad been rolled l)etoro being liA-e em- 
bedded, tlnur presence does not prove tliat the sand- 
stone belongs to the great Patag<)nian tertiary formation, 
for they miglit have Ix^en redepositcd in it, when the 
valley existed as a sea-strait ; but as amongst the 
pebbles there were none of basalt, altliougli the cliffs on 
both sides of the valley are composed of this rock, I 
believe tliat the sandstone does belong to this formation. 
At th<i liigliest point to wb*ich wt* asccnde<l, twenty 
miles distant from the nearest slo])e of the Cordillera, I 
could see the horizontally zoned wliite beds, stretching 
under the black basaltic lava, close up to the mountains ; 
so that the valley of the S. Cruz gives a, fair idea of the 
constitufiou of th(^ wdiole width of Pat.agonia. 

Bmaltic Lava of ike S, Craz . — This format ion is 
first met with sixty -seven- miles from the mouth of the 
river ; thence it extends uninterruptedly, generally but 
not exclusively on the northern side of the valley, close 
up to the Cordillera. The basalt is generally black 
and fine-grained, but sometimes grey and laminated : 
it contains some olivine, and high up the valley mucli 

* I fuupd afc l)(5th places, but not in situ, quantities of coniferous anc 
ordinary dicotyledonous silicified wood, which was examined for mo b;j 
Mr. li. Brown. 
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glassy feldspar, \vh ere, also, it is often amygdalpidal ; 
it is never highly vesicular, except on the sides of rents 
and on the upper and lower, spherically laminated sur- 
faces. It is often columnar; and in one place I saw 
magnificent columns, each face twelve feet in width, 
with their interstices filled up with calcareous tuff. 
The streams rest conformably on the white sedimentary 
beds, but 1 nowliere saw the actual junction ; nor did I 
anywhere see the white beds actually superimposed on 
the lava ; but some way up tlie valley at the foot of 
the uppermost escarpments, they must be thus super- 
imposed. Moreover, at the lowest point down the 
valley, where the streams thin out and terminate in 
irregular projections, tlie spaces or intervals between 
those projections are filled up to the level of the now 
denuded and gravel-capped surfaces of the plains, with 
the white-zoned sedimentary l)eds ; proving that this 
matter continued to be deposit<^d after the streams had 
flowed. Hence we may conclude that the basalt is 
contemporaneous with thb upper parts of the great 
tertiary fo r mati o n . 

The lava where first met with is 130 feet in thick- 
ness : it there consists of two, three/ or perhaps more 
streams, divided from each other by vesicular spheroids, 
like those on the surface. From the streams having, 
as it appears, extended to different distances, the terminal 
points are of unequal lieights. Generally tlie surface 
of tlie basalt is smooth ; but in one part higli up the 
valley, it was so uneven and ljummocky, 11 tat until [ 
afterwards saw the streams extending continuously on 
both sides of the valley up to a height of about; 3,000 
feet close to the Cordillera, I thought that tlie craters of 
eruption were proliably close at hand. This liiuninocky 
surface I believe to have been caused by the crossing 
ind heaping up of different streams. In one place, 
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there were several rounded ridges about twenty feet in 
height, some of them as broad as high, and some broader, 
which certainly bad been formed whilst the lava was 
fluidj for in transverse sections each ridge was seen to 
be concentrically laminated, and to be eomposed of im- 
perfect columns radiating from common centres, like 
the spokes of wheels. 

The basaltic mass where first met with is, as I have 
said, 130 feet in thickness, and, thirty-five mile» higher 
up the valley, it increases to 322 feet. In the first 
fourteen and a half miles of this distance, the upper 
surface of the lava, judging from three measurements 
taken above the level of tlte river, (of which tlie appa- 
rently very uniform inclination has been calculate<l 
from its total height at a point 135 mil'^s from the 
mouth) slopes towards the Atlantic at an ang^le of only 
0° T 2iy ' : this must be considered only as an approxi- 
mate.measuremeni, but it cannot be far wrong. Taking 
the whole thirty-five miles, the upper surface slopes at 
an angle of if 10^ 53" ; but this result is of no value in 
showing the inclination of any one stream, for half-way 
between the two points of measurement, the surface 
suddenly rises between 100 and 200 feet, apparently 
caused by some of the uppermost streams having 
extended Ihus far and no farther. F'rom the measure- 
ments made at these two points, thirty-five miles apart, 
the mean inclination of the sedimentary beds, over 
which the lava has flowed, is no'^o (after eletation from 
under the sea) only O'" 7' 52" : for the sake of compari- 
son^ it may be mentioned that the bottom of the present 
sea in a line froia the mouth of the S. Cruz to the 
Falkland Islands, from a.deptli of seventeen fathoms to 
a depth of eighty-five fathoms, declines at an angle of 
0^ 1' 22" ; between the beach and the depth of seven- 
. teen fathoms, the slope is greater. From a point about 
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bali^way up the valley, the basaltic mass rises more 
abruptly towards the foot of the Cordillera, namely, 
from a height of 1,204 feet, to about 3,000 feet above 
the sea. 

This great deluge of lava is worthy, in its dimex)sions, 
of the great contiiuait to which it belongs. The aggre- 
gate streams ha\'e flowed from the Cordillera to a dis- 
tance (unparalleled, I believe, in any case yet known) 
of about 100 geograpliical inihis. Near their furthest 
extremity their total thickness is 1 30 feet, wliieh increase 
thirty-hve miles farther inland, as we liave just seen, 
to 322 feet. The least inclination given by M,*E, do 
Beaumont of the U})per surface of a lava stream, namely, 
0° 30', is that of the great suhaerial eruptirm in 1783 
from Skaptar Jukul in Iceland ; and JVjL E. de Beaumont 
shows ^ that it must have flowed down a mean inclination 
of less than O'" 20'. But we. now see that under the 
pressure of the sea, successive streams have flow eel over 
a smooth bottom with a mean inclination not more 
than 0° 7' o2" ; and that the upper surface of the 
terminal portion (over a space of fourteen and a half 
miles) has an inclination of not more tban 0° 7'. 20". 
If tlie elevation of Patagonia has been greater nearer 
the Cordillera than near the Atlantic (as is probable), 
then these' angles axe nowall too largt'-. I must, re]>eat, 
that although the foregoing measurements, wliicii were, 
all carefully taken with the barometer, may not Ihj 
absolutely correct, they cannot, be widely erroneous. 

Southward of the S. Cruz, the cliffs of the S40 feet 
plain extend to Coy Inlet, and owing to tlie naked 
patches of the white sediment, they are said on the 
charts to be ‘like the coast of Kent.’ At Coy Inlet 
the high plain trends inland, leaving flat-topped outliers. 
At Port Gallegos (lat. 51° 35', and ninety miles south 

* ‘Hemoires pour Ben^r,’ &;c., pp. 178 and 217. 
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of S. Cruz), I am informed by Captain Sulivan, R,N., 
that there is a gravel-capped plain from 200 to 300 feet 
in height, formed of numerous strata, some fine-grained 
and pale-coloured, like the upper beds at the mouth of 
the S. Cruz, others rather darker and coarser, so as to 
resemlde gritstones or tuffs ; these latter include rather 
large fragments of apparently decomposed volcanic 
rocks ; there are, also, included layers of gravel. This 
formation is highly remarkable, from abounding with 
mainmiferous remains, which have not as yet been 
examined by Professor Owen, but which include some 
large, but mostly small, species of Pachydermata, 
Edentata, and Kodentia. From the appearance of the 
pale-coloured, fine-grained beds, I was inclined to 
believe that tliey corresponded with the upper beds of 
the 8. (huz ; but Professor Ehrenberg, who has examined 
some of the specimens, informs me that the included 
microscopical organisms are wholly different, being 
fresh and brackish water forms. Hence the 200 to 
300 feet plain at Port Gallegos is of unknown age, but 
probably of subse(pient origin to the great Patagonian 
tertiary formation. 

EaMern del Fuego . — Judging from the 

height, the general appearance, and the white colour 
of the patches visible on the hill sides, the uppermost 
plain, both on tlie north and western side of the Strait 
of Magellan, and along the eastern coast of Tierra del 
Fuego as far south as near Port St. Polycarp, probably 
belongs to the great Patagonian tertiary formation. 
These higher table-ranges are fringed by low, irregular, 
extensive plains, belonging to the boulder formation,^ 
and composed of coarse unstratified masses, vsometimes 
associated (as north of C. Virgin’s) with fine, laminated, 
muddy sandstones. The cliffs in Sebastian ^Bay are 
* Described, in the ‘ Geological Transactions/ vol. vi. p. 415. 
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200 feet in height^ and are composed of fine sandstones, 
often in curvilinear layers, including hard concretions 
of calcareous sandstone, and layers of gravel. In these 
beds there are fragments of wood, legs of crabs, barnacles 
encrusted with corallines still partially retaining their 
coloiu*, imperfect fragments of a Pholas distinct from 
any known species, and of a Venus, approaching very 
closely to, but slightly different in form from, the 
F. leyitimlariS) a species living on the coast of Chile. 
Leaves of trees are numerous between the luminiC of 
the muddy sandstone ; they belong, as I am informed 
by r>r. J. II. Hooker,' to three species of deciduoits 
beech, different from the two species which compose 
the great proportion of trees in this forest-clnd land. 
From these facts it is difficult to conjecture, whetlier 
we here see the basal part of the great l^atagonian 
formation, or some later deposit. 

Summary on the Patayonian Tertiary Fovyaoikm 
— Four out of the seven fossil shells, from 8t. Fe in 
Entre Rios, were found by M. d’Orbigny in the sand 
stone of the Rio Negro, and by me at San Josef. J’hree 
out of the six from San Josef are identical with those 
from Port Desire and S. Julian, which two places have 
together fifteen s])ecies, out of which three are common 
to both. Santa (Viiz has seventeen species, out of 
which five are common to Port Desire and 8. Julian. 
Considering the difference in latitude between these 
several places, and the small number of species altogether 
collected, namely thirty-six, I conceive the above pro- 
portional number of species in common, is sufficient to 
show that the lower fossiliferous mass belongs nearly, 
I do not say absolutely, to the same epoch. What this 
epoch may be, compared with the European tertiary 
stages, M. d’Orbigny will not pretend to determine. 

‘ ‘ Botany of the Antarctic Voyage,’ p, 212. 
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The thirtj-six species (including those collected by 
myself and by M- d’Orbigny) are all extinct, or at least 
unknown ; but it should be borne in mind, that the 
present coast consists of shingle, and that no one, 1 
l)elieve, has dredged here for shells; hence it is not 
improbable that some of the species may hereafter be 
found living. Some few of the species are closcdy related 
with existing ones ; this is especially the case, according 
to M. d’Orbigny and Mr. Sower by, with the Fusvs 
Pataf/ojilcHS ; and, according to Mr. Sowerby, with 
the Pyrula, the Venus rtiendknidUs^ the Orepidhbla 
gregaria^ and the Turritella mnhulacruvt^ and T. 
Pat(tgonlca. At least three of the genera, namely, 
Ciiculhea, Crassatella, and (as d(^termined by Mr. 
Sowerby) Strutliiolaria, are not found in this quart.er 
of the world ; and Trigonocelia is extinct. The ev idence 
taken altogether indicates that tliis great tertiary 
formation is of considerable antiquity ; but wlien treat- 
ing of the Chilian beds, I shall have to refer again to 
this subject. 

The white pumiceous mudstone, with its abundant 
gypsum, belongs to the same general epoch with the 
underlying fossiliferoiis mass, as may be inferred from 
the shells included in the intercalated layers at Neuvo 
Gulf, S. Jvdian, and S. Cruz, Out of the twenty-seven 
marine microscopic struct urf‘s found by Prof. Ehrenberg 
in the specimens from S. Jidian and Port Desire, ten 
are common to these two places: the three found at 
Neuvo Gulf are distinct. I have minutely described 
this deposit, from its remarkable characters and its 
wide extension. From Coy Inlet to Port Desire, a dis- 
tance of 230 miles, it is certainly continuous ; and I 
have reason to believe that it likewise extends to the 
Kio Chupat, Neuvo Gulf and San Josef, a distance of 
570 miles : we have, also, seen that a single layer occurs 
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at the Rio Negro, At Port S. Julian it is from 800 to 
900 feet in thickness ; and at S. Cruz it extends, with 
a slightly altered character, up to the Cordillera. From 
its microscopic structure, and from its analogy with 
other formations in volcanic districts, it must be con*- 
sidered as originally of volcanic origin : it may have 
been formed by the long-continued attrition of vast 
ipiantities of pumice, or judging from the manner in 
which the mass becomes, in ascending the valley of S. 
Cruz, divided into variously coloured layers, from the 
long-continued eruption of clouds of fine ashes. In 
either case, we must conclude, tiuit the southern volcanic 
orifices of the Cordillera, now in a d<jrrnant slate, were 
at about this period over a wide space, and for a great 
length of time, in action. We have evidence of this 
fact, in th(‘ latitude of the Rio Negro in the sandstone- 
conglomerate with pumice, and demonstrative proof of 
it, at S, Cruz, in the vast deluges of basaltic lava : at 
this same tertiary period, also, the^re is distinct evidence 
of volcanic action in Western Banda Oriental. 

The Patagonian tertiary formati<3n extends continu- 
ously, judging from fossils alone, from S. Cruz to 
near the Rio Colorado, a distance of above GOO miles, 
and rea]>pears over a wide area in Enti*e Rios and Banda 
Oriental, making a total distance of 1,100 miles ; but 
this formation undoubtedly extends (though no fossils 
were collected) far south of the S. Cruz, and, accord- 
ing to 31. (I’Orbigny, 120 mih's north of 8t. Fe. 
At S. Cruz we liave se(m that it extends a(u*oss the 
continent ; being on the coast about 800 feet in thick- 
ness (and rather more at S. Julian), and rising with 
the contemporaneous lava-streams to a height of about 
3,000 feet at the base of the Cordiller.a. It rests, 
wherever any underlying formation can be seen, on 
platonic and metamorphic rocks. Including the newer 
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}^ampean deposit, and those strata in eastern Tierradel * 
Fuego of doubtful age, as well as the boulder formation, 
we have a line of more than twenty-seven degrees of 
latitude, equal to that from the Straits of Gibraltar to 
the south of Iceland, continuously composed of tei*tiary 
lorraations. Throughout this groat space the land has 
been upraised, without the stratn, having been in a 
single instance, as far as ray means of observation went, 
une(|ual]y tilted or dislocated by a fault. 


Tertiary Formations on ike Coast, 

Chant ts Archlpdayo, — The nnraerous iJands of 
this group, with the exception of L{‘mus, Y})un, con- 
sist of inetarnorpliic selusls ; these two islands are formed 
of sottish grey and lu'own, fusible, often laminated sand- 
stones, containing a few pebbles, fragments of black 
lignite, and numerous niamraillated concretions of hard 
calcareous sandstone. Out of these concretions at rpim 
(lat. 40° 30' S.), 1 extracted the four following extinct 
species of shells : — 

1. Turritclhi sutnralis, O. U. Soworby, PI. III. f. 50 (also N^iviJad). 

2. Si^raretus subglobosus, do. PI. III. f. 36, 37. (do.) 

3. Cytherjm (?) sideuiosa (?), do. PI. 11. f. 14 (also Chiloe and 

Jhiafo ?). 

4. Valuta, fragments of. 

In the nortliern parts of this group there are some 
cliffs of gravel and of the l)oulder formation. In the 
southern part (at P. Andres in Tres Montes), there is 
a volcanic formation, probably of tertiary origin. The 
lavas attain a thickness of from 200 to 300 feet ; they 
are extremely variable in colour and nature, being 
compact, or brecciated, or cellular, or amygdaloidal 
with zfxilite, agate and bole, or porphyritic with glassy 
albitic feldspar. There is also much imperfect rubbly 
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pitchstone, with the interstices charged with powdery 
carl)onate of lime apparently of contemporaneous origin. 
These lavas are conformably associated with strata of 
breccia and of brown tuff containing lignite. The 
whole mass has been broken up and tilted at an angle 
of 45®, by a series of great volcanic dikes, one of which 
was thirty yards in breadth. This volcanic formation 
resembles one, presently to be described, in Chiloe. 

Hnafo , — ^This island lies between the Chonos and 
(■hiloe groups: it. is about 800 feet high, and perhaps 
has a nucleus of metamorphic rocks. The strata whicli 
I examined consisted of fine-grained muddy sandstones, 
with fragments of lignite and concretions of calcareous 
sandstone. I collected the following extinct shells, of 
which t])e Tnrritella was in great numl)ers : — 

1. BuIIft cosmophila. Cf. B, Sowerby, PI. III. f. 30. 

2. Pbnirotonia Miba^qualis, do. PI. IV. f. o2, 

3. Filsus cleryanus, d'Orbig. *Voy. Pal.’ PI, XII. f. 6, 7 (also at 

Coquimbo). 

4. Triton loiicostomoides, G. B. Sowerbv. Pi, T\'. f. 04, 

/i. Turrit^fllfi Chib‘nsi«». do. PI. JV. f. 51 (also Mocha). 

if. Venus, probably a distinct spt»eies. but very import'cct. 

7. (’ythtrraBa (?) .siiJoulo.‘«a (?) do. PI. II. f. 14. 

8. Oentaliiiru inn jus, 0. B. Soworby, PI. II. f. 3. 

Chiloe . — This fine island is about 100 miles in 
length. The entire southern jiart, and the whole 
western coast, consists of mica-schist, which likewise is 
seen in the ravines of the interior. The central moun- 
tains rise to a height of 3,000 fe(4, and are snid to be 
partly formed of granite and greenstone: there are 
tw^o small volcanic districts. The eastern coast, and 
large parts of the northern extremity of tlie island are 
composed of gravel, the boulder formation, and under- 
lying horizontal strata. The latter are well displayed 
for twenty miles north and south of Castro ; they vary 
in character from common sandstone to fine-grained, 
laminated mudstones: all the specimens which I ex- 
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amined are easily fusible, and some of the beds might 
be called volcanic grit-stones. These latter strata are 
perhaps related to a mass of columnar trachyte which 
occurs behind Castro. The sandstone occasionally in- 
clud(*s pebbles, and many fragments and layers of lignite; 
of the latter, some are apparently formed of wood and 
others of leaves: one layer on the NW. side of Lemuy 
is nearly two feet in thickness. There is also much 
silioified wood, both common dicotyledonous and coni- 
ferous : a section of one specimen in the direction of 
the medullary rays has, as I am informed by JMr. R. Brown, 
the discs in a double row placed alternately, and not 
opposite as in the true Araucaria. I found marine 
remains only in one spot, in some concretions of hard 
calcareous sandstone : in several other districts I have 
o])served that organic remains were exclusively confined 
to such concretions ; are we to account for this fiict, by 
the supposition that the shells lived only at these points, 
or is it not more probable that their remains were pre- 
served only where concretions were formed ? The shells 
litue are in a bad state, they consist of : — 

1. Tellinidefi (?) oUon^a, (>. 33. Sowerby, PI. II. f. 12 (a Bolenolla in 

M. d’OrbijEj^ny s opinion). 

2. iVatica strioliita, G. 35. tSo'Wfrby. PI. III. f. 39. 

3. Natiea^?) pumila, do. I^l. 113. f. 38, 

4. Cytlu)i'flea(?) sulculosa, do. PI. II. f. 14 (also Ypun and Huafo?) 

At Ihe northern extremity of the island, near S. 
Carlos, there is a large volcanic formation, between 500 
and 700 feet in thickness. The commonest lava is 
blackish-grey or brown, either vesicular, or amygda- 
loidal with calcareous spar aud bole : most even of the 
darkest varieties fuse into a pale-coloured glass. The 
next commonest variety is a rubbly, rarely well charac- 
terised pitchstone (fusing into a white glaSs) which 
passes in the most irregular manner into stony gray 
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lavas. This pitchstone, as well as some purple clay- 
stone porphyry, certainly flowed in the form of streams. 
These various lavas often pass, at a considerable depth 
from tlie surface, in the most abrupt and singular 
manner into wacke. Great masses of tlie solid rock are 
brecciatcd, and it was generally impossible to discover 
whether the recementing process liad been an igneous 
or aqueous action.^ The beds are obscurely separated 
from each other ; tliey are sometimes parted by seams 
of tufi‘ and layers of pebbles. In one place they rested 
on, and in another iflace were cupped by, tufts and grit- 
stones, apparently of submarine origin. 

The neighbouring peninsula of Lacuy is almost 
wholly formed of tufaceous deposits, connected probaldy 
in their origin with the volcanic hills just described. 
The tuffs are pale-coloured, alternating witli laminated 
mudstones and sandstones (all easily fusible) and passing 
sometimes into fine grained white beds strikingly re- 
sembling the great upper infusorial deposit of Patagonia, 
and sometimes into brecciolas with pieces of pumice in 
the last stage of deciiy ; these again pass into ordinary 
coarse breccias and conglomerates of hard rocks. With- 
in very short distances, some of the finer tuffs often 
passed into each other in a peculiar manner, namely, 
by irregular polygonal concretions of one variety in- 
creasing so mucli and so suddenly in size, that the 
second variety, instead of any longer forming the entire 
mass, was left merely in thin veins between the conci e- 

’ In a cliff of the hardest fragmentary mass, I found several 
tortuous, vertical veins, varying in thickness from a few tenths of an 
inch tf) onc^ inch and a half, of a substance w'hich I have not seen des- 
cribed. It is glossy, and of a brown colour; it is thinly laminated, 
with the laminsR tninsparcnt and elastic ; it is a little hardVr than cal- 
careous spar; it is infusible under the blow])ij>e, sometimes decre- 
pitates, gives out water, curls up, blackens and becomes magnetic. 
I^orax easily dissolves a considerable quantity of it, and gives a glass 
tinged with green. I have no idea what its true nature is. On first 
seeing it, I mistook it for lignite ! 
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tious. In a straight line of cliffs, at Point Tenuy, I 
examined the following remarkable section : — 


No. 35. 



Level of sea. 

On the left hand, tlie lower part (A A) consists of regular, 
alternating strata of brown tuffs and greenish laminated 
mudstone, gently inclined to the riglit, and conformably 
covered by a mass (B Uft) of a wliite, tutkeeous and 
bi^cciolated deposit. On the riglit hand, tlie whole 
cliff (BB right) consists of the same white tufaceoiis 
matter, which on this side presents scarcely a trace of 
iStratificatjon, but to the left becomes very gradually 
and rather indistinctly divided into strata quite con- 
formable with the underlying beds (A A) : moreover, a 
few hundred yards farther to the left, where the surface 
has been less denuded, the tufaceous strata (B left) are 
conformably covered by another set of strata, like the 
underlying ones (A A) of this section. In the middle 
of the diagram, the beds (AA) are seen to be\bruptly 
cut off, and to abut against the tufaceous non-stratified 
mass ; but the line of junction lias been accidentally 
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not represented steep enough, for I particularly noticed 
that before the beds had been tilted to tbe right, this 
line must have been nearly vertical. It appears that a 
current of water cut for itself a deep and steep sub- 
marine channel, and at the same time or aftei’wards 
filled it up with the tufaceous and brecciolated matter, 
and spread the same over the surrounding submarine 
beds ; the matter becoming stratified in these more 
distant and less troubled parts, and being moreover 
subsequently covered up by other strata (like A A) not 
shown in the diagram. It is singular that three of the 
beds (of A A) are prolonged in their proper direction, 
as represented, beyond the line of junction into the 
white tufaceoiis matter : the prolonged portions of two 
of the beds are rounded ; in the. third, the terminal 
fragment lias been pushed upwards : how these beds 
could hav(^ been left thus prolonged, I will not ]')retond 
to explain. In another section on the opposite side of 
a promontory, there was at the foot of this same line 
of junction, that is at the bottom of the old submarine 
channel, a pile of fragments of tbe strata (A A), with 
their interstices filled up with the white tufaceous 
matter ; this is exactly what might have been antici- 
pated under such circumstances. 

The various tufaceous and other beds at this nortliern 
end of Cliiloe probably belong to about the same age 
with those near Castro, and they contain, as there, many 
fragments of black lignite and of silicified and pyritous 
wood, often embedded close togetlier. They also con- 
tain many and singular concretions : some are of hard 
calcareous sandstone, in which it would appear that 
broken volcanic crystals and scales of mica have been 
better preserved (as in the case of the organic remains 
near Castro) than in the surrounding mass. Other 
concretions in the white brecciola, are of a hard fer- 
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ruginous, yet fusible, nature; they are as round as 
cannon-balls, and vary from two or three inches to two 
feet in diameter ; their insides generally consist either 
of fine, scarcely coherent volcanic sand,* or of an argil- 
laceous tuff ; in this latter case, the extemiil crust was 
quite thin and hard. Some of the spherical balls were 
encircled in the line of their equators, by a necklace- 
like row of smaller concretions. Again tliere were other 
concretions, irregularly formed, and composed of a hard 
compact, ash-coloured stone, with an almost porcelain- 
ous fracture, adhesive to the tongue, and without any 
calcareous matter. These beds are, also, interlaced by 
many v(dns, containing gypsum, ferruginous matter, 
calcareous spar, and agate. It was here seen with re- 
markable distinctness. Low intimately concretionary 
action and tlie production of fissures and veins are re- 
lated together. The followiiig diagram is an accurate 

No. 3G. 


Oroiuid pJaii showing the r<*lation iM'tweon veins and concretionary zones 
ill it luuss of tull'. 



representation of a horizontal space of tuff, about four 
* The frequent tendency in iron to form hollow concretions or shell 
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feet long by two and a Lalf in width : the double lines 
represent the fissures partially filleil with oxide of iron 
and agate : the curvilinear lines show the course of the 
innumerable, concentric, concretionary zones of different 
shades of colour and of coarseness in the particles of 
tuff. The symmetry and complexity of the arrangement 
gave the surface an elegant appearance. It may be 
seen how obviously the tissures determine (or have Kum 
determined by) tlie shape, sometimes of Ihe whole con- 
cretion, and sometimes only of its central parts. The 
fissures also determine the curvatures of the long midu- 
lating Zones of concretionary action. From the varying 
composition of the veins and cimcrclions, the amount 
of chemical action which the mass has undergone is 
surprisingly great; and it would likewise appear from 
the difference in size in the particles of the concretionary 
zones, that the mass, also, hjis been subjected to internal 
mechanical movements. 

In the peninsula of Lacuy, the strata over a width 
of four miles have beenupheaved by three distinct, and 
some other indistinct, lines ot deviation, ranging with- 
in a point of north and south. One line*., alKuit 200 
feet in height, is regularly anticlinal, with the strata 
dipping away on l>oth sides, at an angle of 16% from a 
central ‘ valley ot elevation,’ about 300 yards in width. 
A second narrow steep ridge, only sixty feet high, is 
uniclinal, the strata throughout dipping westward ; 
those on lx)th flanks being inclined at an angle of from 
ten to fifteen degrees ; whilst those on the ridge dip in 
the same direction at an angle of between thirty and 
forty degrees. This ridge, traced northwards, dies away ; 
and the beds at its terminal point, instead of dipping 
westward, are inclined 12^ to the north. This case 

contaiuipg incoherent matter is singular; D’Aubuisson (‘Traits do 
G^ogzi/ tom, i. p. 318) remarks on this circumstuucci. 
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interested me, as being the first in which I found in 
South America, formations perhaps of tertiary origin, 
broken by lines of elevation. 

Valdivia : Island of Mocha, — The formations of 
Chiloe seem to extend with nearly tlie same character 
to Valdivia, and for some leagues northward of it : the 
underlying rocks are micaceous scliists, and are covered 
up with sandstone and other sedimentary IkxIs, including 
as I was assured, in many places layers of lignite. I 
did not land on Mocha (lat. 38° 2(f ), but Mr. Stokes 
brought me sj)ecimens of the gray, fine-grained, slightly 
calcan^ous' sandstone, precisely like that of Huafo, con- 
taining lignite and numerous Turritellie. The island is 
flat topped, 1,240 feet in height, and appeal's like an 
outlier of the sedimentary beds on the mainland. The 
few sliells collected consist of : — 

1 , Turrit cUh Chilonsis, 0. U. Sowrby, PI. JV. f. 51 (mIso at Knafo). 

2 . Fus-uh, vrrv imprrfc'ct, sf)mpwliat rt'sembliii^ F. hiibroflexus of 

NnvidfVl (PL JV. f. 57), tul probably 
a. A^oiius, of. 

jxrion, — Sailing northward from Valdivia, the 
coast-cliifs are seen, first to assume near the K. Tolten, 
and thence for 1 50 miles northward, to be continued 
with tiK* same mineralogical characters, immediately to 
bo (les<u-ibed at Concepcion. 1 heard in many places 
of beds of lignite, some of it fine and glossy, and likewise 
of silicitied wood ; near the Tolten the clifls are low, 
but they soon rise in height ; and the horizont^al strata 
are prolonged, with a nearly level surface, until coming 
to fi more lofty tract between points Eumena and 
Ijavapie. Here the beds have been broken up by at 
lea.st eight or nine parallel lines of eleviition, ranging 
E. or ENE., and W, or WSW. These lines can be 
followed with the eye many miles into the interior ; 
they are all uniclinal, the strata in each dipping to a 
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point between S. and SSE. with an inclination in 
the central lines of about forty degrees, and in the 
outer ones of under twenty degrees. This band of 
symmetrically troubled country is about eight miles in 
width. 

The island of Quiricjuina, in the Bay of Concepcion, 
is formed of various soft and often ferruginous sand- 
stones, with bands of pebbles, and witli the lower strata 
sometimes passing into a conglomerate resting on the 
underlying metamor[)hic schists. These beds include 
subordinate layers of greenish impure clay, soft mica- 
ceous and calcareous sandstones, and reddish friable 
earthy matter with white spe<'.ks like decomposed crystals 
of feldspar ; they include, also, hard concretions, frag- 
ments of sliells, lignite, and silicified wood. In the 
upper part they pass into wliite, soft sediments and 
brecciolas, very like those described at Chiloc ; as in- 
deed is the whole formation. At Lirgnen and other 
places on the eastern side of the bay, there are good 
sections of the low'er sandstones, which are gencTally 
ferruginous, but which vary in character, arnl even pass 
into an argillaceous nataue ; they contain hard concre- 
tions, fragments of lignite, silicified wood, and ]>ebbles 
{of the same rocks with the pebbles in the sandstones 
of Quiriqiiina), and they alternate with riuinei‘ous, oft(.*u 
very thin layers of imperfect coal, generally of little 
specific gravity. The main bed here is three feet thick; 
and only the coal of this one bed has a glossy fracture. 
Another irregular, curvilinear bed of brown, compact 
lignite, is remarkable for being included in a mass of 
coarse gravel. These imperfect coals, when placed in a 
heap, ignite spontaneously. The cliffs on this side of 
the bay, as well as on the island of Quinquina, are 
capped with red friable earth, which, as stated in the 
ninth chapter, is of recent formation. The stratifica- 
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tion in this neighbourhood is generally horizont/al ; but 
near Lirguen the beds dip NW. at an angle of 23® ; 
near Concepcion they are also inclined : at tlie northern 
end of Quiriquina they have been tilted at an angle of 
30® and at the southern end at angles varying from 1 5® 
to 40° : these dislocations must have taken place under 
the sea. 

A collection of shells, from the island of Quiriquina, 
has been described by M. d’Orbigny : they are all extinct, 
and from their generic character, M. d’Orhigny inferred 
that they were of tertiary origin : they consist of: — 


1. tSciilarisi fVOrbig. | 

2. Nation Amuoniiii, <)o. 

а, Niitica juisfralis, do, 

4, diffioiJis, do. 

5. I^.vnda lon^nrctstrn, do. 

б. IMciirotoiua Araiieuiia, do. 

7. Cardiuni aiioa, do. 


8. Cardmm acntirostatum, 
d’Orlai^. ‘Voyay:e Pal.’ 

9. Venus aucH, do. 

1 0. Maet ra ceeileana, do. 

11. Hactra Araneana, do. 

12. Ar(‘a. Araueana. do. 

I 18. Nneula Lar^filliciti. do. 

I 14. Trigonia Hauetiana, do. 


During a second visit of the Beafjle to Concepcion, 
Mr, Kent collected for me some silicified wood and 
shells out of the coucrctions in the sandstone from Tome, 
situated a short distance north of Lirguen ; they consist 
of: — 


]. Naliea australiw, d’Orbig ‘ Vt>y- 
age Pal.’ 

3. Maetra Aranca.na, <lo 

8. Triiioriia JlMin'tiana, do. 

4. Peet^n, InigirK'TitM of. proVably 

two KpHcies, l>ut too injpeifect 


for description. 

5. Pacnlites vagina, E. Porbes. 

PI. f. 8. ' 

6. Nautihis d'Orbignyaiins. E. 

Forbes, 3*1. V. f. i U) and 1. 
(b). 


Keside>? these shells, Captain Belcher * found here an 
A'iiimoyt'ile,, nearly tliree feet in diameter, and so bea ^7 
that lie could not bring it away ; fragments are deposited 
at Haslar Hospital : be also found the silicified \’ertebraa 
of some very large animal. From the identity in 

* ‘Zoology of Capt. SJelcliers Voyi\ge,’ p. 163. 
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mineralogical nature of the rocks, and from Captain 
Belcher’s minute discription of the coast between Lirguen 
and Tome, the fossiiiferous concretions at this latter 
place certainly belong to the same formation with the 
beds examined by myself at Lirguen ; and these again 
are undoubtedly the same with the strata of Quiriquina; 
moreover, the t hree first of the shells from Tome, though 
associated iu the same concretions with the Baculite, 
are identical with the species from Quiriquina. Hence 
all the sandstone and lignitiferous beds in this neigh- 
bourhood certainly belong to the same format ion. A1- 
tljough tlie generic character of the Quiriquina fossils 
naturally led M. d'Orbigny to conceive^ that tliey were 
of tertiary origin, yet as wc now tind them a.ssnciated 
with the BaruJlUf^ raffina and with an Ammonite, we 
must, in the opinion of IM. d'Orbigny, and if we are 
guided by tlie analogy of the Northern Ileinisphere, rank 
them in the Cretaceous system. Jloreover, the Baculites 
V((f/! !(((,, which is in a iolerahh? state of preservation, 
appears to Professor E. Forbes certiiinly to be identical 
with a species, so named by him, from Pondicherry in 
India; where it is associated with numerous decidedly 
cretaceous species, which approach most nearly to Lowc.m' 
Ctreensand or N eocomi an forms : this fact, con shlering 
the vast distance between Chile and India, is truly sur- 
prising. Again, the NautiluH (VOrhvjnyarmf^, as far 
as its imperfecft state allows of comparison, resembles, 
as I am informed by Professor Forbes, both in its general 
form and in that of its chambers, tw^o sj)eeies from the 
Upper Greensand. It may be added that every one of 
the above-named genera from Quiriquina, which have 
an apparently tertiary character, are found in the Pon- 
dicherry strata. There are, however, some difficulties 
on this view of the formations at Concepcion being cre- 
taceous, which I shall afterwards allude to ; and I will 
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here ordy state that the Cardium auca is found also at 
Coqiiimbo, the beds at which place, there can be no 
doubt, are tertiary. 

NavidiuU — The Concepcion formation extends some 
distance noithward, but how far I know not ; for the 
next point at which I landed was at Navidad, 160 miles 
north of Concepcion, and 60 miles south of Valparaiso, 
The cliffs here are about 800 feet in height : they 
consist, wherever I could examine them, of fine-grained, 
yellowish, eartliy sandstones, with ferruginous veins, and 
with concretions of hard calcareous sandstone. In one 
part, there were many pebbles of the common meta- 
morpliic porphyric^s of the Cordillera: and near the 
base of the cliff, I observed a single rounded boulder of 
greenstone, nearly a yard in diameter. I traced this 
sandstone formation beneath the superficial covering of 
gravel, for some distance inland : the strata are slightly 
inclined from the sea towards the Cordillera, which 
apparently has been caused by their having btien accu- 
mulated against or round, outlying masses of granite, 
of which some points project near the coast. The sand- 
stone contains fragments of wood, either in the state of 
lignite or partially silicified, sharks’ teeth, and shells in 
great abundance, both high up and low down the sea- 
eliflfs. Pectunculus and Oliva were most numerous in 
individuals, and next to them Turritella and Fusiis. I 
collected in a short time, though sufiering from illness, 
the following thiity-one species, all of which are extinct, 
and several of the genera do not now range (as we shall 
hereafter show) nearly so far south : — 

1. Gustridium ccpa, G. B. Sowerby, PI. IV. f. 08, 00. 

2. Monocoros, Iragmontsi of, considered by M. d’Grbigny as new 

species. 


* I was guided to this locality by the Report on M. Gay's ^ Geologi- 
cal Researches,’ in the ‘ Annales des Scienc. Nat.’ (Ist series) tom. 28. 
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3. Vointa alta, B. Sowerby, PI. IV. f. 75 (considered by M. 

d'Orbigny as distinct from Vhe V. alt a of Cruz). 

4. Vointa triplicata, G. B. Sowerby, PI. IV. f. 74. 

5. Oliva dimidiata, do, PI. IV. f. 76. 77. 

6. Pleurotoma discors, do. PI. IV, f. ,54. 

7. Pleur(;toma turbinolloides, do. PI. IV, f. 53. 

8. Puaiis siibrpfle:xus, do. PL IV. f. 57. 

0. Fusns pyruliformis, do. PL IV. f. ,56. 

10. Fiisus, allied to F. ropciilaris, I'l. IV. f. 55 (considered by IVT. 

d’Orbign}’ as a distinct specie^), 
n. Tiirritelhi sntnralis, G. B. S()\verl)y, PL ITT. f. 50. 

12. Tnrritellii Pata^onicn (do.L PL III. f. 48 (fraamonts of). 

13. IVochiis Jjnvis. G. B. ^Sowerby, PL ITT. f. 46, 47. 

14. Troclms collaris, do., PL III. f. 44, 4.5 (considered by M. 

(I’Orbifrny as the youn/? of the T. Irfvis). 

15. Cassis moniliftT, G. B. Sowerby. PL IV, f. 65. 

10. Pyrula distans, do., PL IV. f 61. 

17. Triton vernicnlosus, do.. PL IV. f. 63. 

IS. Si^^'iretns siibirlobosus. G. B. Sowerby. PI. TIL f. .30, 37. 

10. Notic.’i srlida, do., PL III. f. 40. 41 tit l.s doul>tful wliether tlie K. 
solida of JS. ('rnz is tlje s,Minp sy>ecif‘S witli this). 

20. Terobra uiidiilifera, G. B. Sowf'rln*, PL IV. f. 7-, 73. 

21. Tendjra oostelluta, do , PL IV. f. 70, 71. 

22. Bulla (fnv^ments of). 

23. Dentalium i'iirantc'UTn. do., PL IT. f. 1. 

24. Ilenbilinm sulcosnm, do,, PI 11 f. 2. 

25. Oorbis (?) bevigat.M. do., PL II. f. 11. 

26. ('ardiiim mnltiradianim, •’<).. PL IT. f. 16. 

27. Venus mcridionalis. do., PL TI. f. 13. 

28. PectuHculus dispar, (?) Desli. (considered by M. d’Orbigny as a 

distinct species'). 

29. 30. Cythemea and Mactra. fragments of (considered by M. 

d’t 'rbign}’ as now species). 

31. Pecten, fragments of. 


Coqirwiho , — For more tlian 200 miles northward of 
Navidad, the coast consi.stsof plittonic and raetamorphic 
rocks, 5vith t])e exception of some fpiite insignificant 
superficial hf‘ds of recent origin. At Tongtiay, twenty- 
five miles south of Coqnimho, tertiary beds recommence. 
I have already minutely described in the ninth chapter, 
the step-formed plains of Coquimbo, and the upper 
calcareous beds (from twenty to thirty feet in thickness) 
containing shells of recent species, but in different 
proportions from tho.se on the beach. There remains 
to be described only the underlying ancient tertiary 
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beds, represented in the following diagram (here given 
again) by the letters F and E ; — 

No. 37. 

Bectioii of the Tertiary Fommtlon at Cr)qiiIrabo, 

Biirfacp of plain, 202 foet alwvo Bm. 
t; 
t> 

E 

F 


Level of Sea. 

F-— Lower Sandi^toiu*, with eoncrntions and feilleified >)ones, I with siiells. all. or 

E— TTpiier ftrmcrinous samMone, with mnnerous Balani, i nearly all, extinct. 

0 and B.—('«l<‘arf30us Ixs ls with recent shells. A— Stratilieil sand in a ravine, also 
with recent shells. 

I obtained j;ood sections of bed (F) only in Herm- 
dura Kay : it consists of soft whitish sandstone, witli 
forriiginons veins, some pebbles of granite, and concre- 
tionary layers of hard calcareous sandstone, Tliese 
concr(‘tions are remarkable from the great number of 
large silicified bones, appanuitly of cetaceous animals, 
which they contain ; and likewise of a shark’s teeth, 
closely restmibling those, of the Carcliariaf^ mcfjalodon. 
Shells of the following species, of which the gigantic 
Oyster and Perna are tlu^ most conspicuous, are numer- 
ously embedded in the concretions : — 

1. Uulla. d’Orbi^. ‘ Voyage Pitl.’ 

2. Mfnioeeros iUainviliii, do. 

3. Canliurij auca, do. 

4. Pfinopa^a C(X|uimbi*nsis, do. 

/>. IVrna Gaudiclmudi, <lo. 

(>. Artt^mis pondtTu«a; Air. Scwerby can find no dis«tnip:uiKhinf; 
clmi’fictor Itctvccn thi.s fopssil and the recLiil A. ponticrosa; it 
certainly an Aitcmis, as sliow'ii ]»y tho pailial impr<'ssion, 

7, Ostrea Pata^oniea (?) Air. Sowerby can point ont nodixtinguisliinjii; 

cliaractcr between tlii.s and tlnit so eminently characteris- 

tic of the great PaUigoriiau formation ; but ho wall not protend 
to affirm that tliev aro identical, 

8. F mgmcntR of a Veiiu.s and Natica, 

The cliffs on one side of Ilerradui'a Kay are cafiped 
by a mass of stratified shingle, containing a little calca- 
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reous matter, and I did not doubt that it belonged to 
the same recent formation with the gravel on the sur- 
rounding plains, also cemented by calcareous matter, 
until to my surprise, I found in the midst of it, a single 
thin layer almost entirely composed of the above gigantic 
oyster. 

At a little distance inland, I obtained several sections 
of the bed (K), which, though different in appearance 
from the lower bed (P"), belongs to the same formation : 
it consists of a highly ferruginous sandy mass, almost 
composed, like the lowest hed at Port S. Julian, of 
fragments of Ihilanidje ; it includes some pebbles, and 
layers of yellowish -brown mudstone. The embedded 
shells consist of : — 

1. MonoocroH Bljiinvillii. <rOrl)i<i. ‘Vovairft Pul.’ 

•2. Hinbiyuus. O, It Sowfrby, jU. IV. f. 66, 67. 

o. Aiioiiiiu altcrnariH, <io.. PI. II. f. 2o. 

4. Pecr(‘n flo., PI. HI. f. 32. 

;■). PtTUii Oaudiohaudi, (rOrbijj. ‘A^^yiige Pal.’ 

6. Ostrea do. 

7. Oi-trm, sniJill ' -i, in imf>erfect Ptato ; it npptiared to mo like a 

email kind now 1 viiip in, tut very rare in the hay. 

8. .Mytilus ('hilooiihis ; 3ir. Soworby can find no distinfrui^hin(> cha- 

ra<’ter botvvooii tl \h fossil, as far as its not very perfect comlition 
allows of comparison, and the recent species. 

9. Babinus C<.quiinbeiisis, G. P. Soworby, PI. II. f. 7. 

3 0. Pa]iiiiii,s psittncus? King. This Hp])ears to Mr. Sowerby and 
inv^elf iclcnlical ^^ith a very large and common species now 
living on the coast. 

The uppermost layers of this ferrugino-sandy mass 
are conformably covered by, and impregnated to the 
depth of several inches with, the calcareous matter of 
the bed (D) called lo8<i: hence I at one time imagined 
that there was a gradual passage between tlicin ; but as 
all the species are recent in the bed (D), wliilst the 
most characteristic shells of the uppermost layers of (E) 
are the extinct Perna, Pecten, and Monoceros, I agree 
with M. d’Orbigny, that this view is erroneous, and that 
there is only a mineralogical passage between them, 
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and no gradual transition in tbe nature of their organic 
remains. Besides the fourteen species enumerated from 
these two lower beds, M, d’Orbigny has described ten 
other species given to him from this locality ; namely, 


1. 

Inisufi Clervfinus, 

d’Orbig. 


‘Voya<?e Pal.’ 


2. 

pctitianu8, 

Ho. 

8. 

Venus hanetiana. 

do. 

4. 

— inoerta (?) 

do. 

6. 

Cleryaiia, 

do. 


6. VetitiH petiti-\na, d’Orbig. 

‘ Vovagt; Pal.’ 

7. C'hiiensis, do. 

8. Soloeurtus ]]aiietian«s 

9. M;LOtrH auca, do. 

10. Oliva Horeria, do. 


Of these twenty-four shells, all are extinct, except, 
according to Mr. Sowerby, the ponderom^ 

Mytilvs Cliiloemsw^ and probably the great Balarms. 

Coquimbo to Cojidpo , — A few mile.s north of (Vj- 
quimbo, I met with the ferruginous, balaniferoiis mass 
(E)with many silicified bones; I was informed that 
these silicified bones occur also at Tonguay, south of 
Coquimbo : tlieir number is certainly remarkable, and 
tliey seem to take the place of the silicifie<l wood, so 
common c>n the coast-formations of southern Chile. In 
the vall(\y of Chaneral, I again saw this same formation, 
capped with the r(‘cent calcareous beds. I here left 
the coast, and did not see any more of the tertiary 
formations, until descending to the sea at Copiapo : 
here in one place I found variously coloured layers of 
sand and soft sandstone, with seams of gypsum, and in 
another place, a comminuted shelly mass, with layers 
of rotten-stone and seams of gypsum, including many 
of the extinct gigantic oyster : beds with these oysters 
are said to occur at English Harbor, a few miles north 
of Copiapo. 

Coast of Peru , — With tlie exception of deposits 
containing recent shells and of quite insignificant 
dimensions, no tertiary formations have been observed 
on this coast, for a space of twenty-two degrees of fati*- 
tude north of Copiapo, until coming to Payta, where 
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there is said to be a considerable calcareous deposit : a 
few fossils have been described by M. d'Orbigny from 
this place, namely : — 

1. RoijtoUarirt Gmj^lichrtudi, d’Orbig. ‘Voyage Pal/ 

2. Poctunculiis Paytunsis, do, 

3. Venus pet itiuna, do, 

4. Ostmi Patagx)nica? This great oyster (of 'which specinions have 

K-en ulveu too) cannot be distinguisheil by Mr. Sowerby from 
some of the varieties from Patagonia ; though it woiild be 
hazardous to assHTt it is the sanio with that spoeies, or with that 
ii'oni Coctuinibo. 

Concluding Bemarl's,- — The formations described 
in this chapter, liave, in tlie case of Chiloe and probably 
in that of Concepcion and Navidad, apparently been 
aceumidated in troughs formed by submarine ridges 
extending parallel to the ancient shores of the continent ; 
in the case of the islands of Mocha and lluafo it is 
iiigld}" probfible, and in that of Ypun and JiCanus almost 
certain, that they were accumulated round isolated 
rocky centres or nuclei, in the same manner as mud 
and sand is now collecting round the outlying islets 
and reefs in the West Indian archipelago. Hence, I 
may rc‘mark, it does not follow that the outlying ter- 
tiary masses of Mocha and Huafo were ev(‘r continuously 
uuit(*d at the same level with the formations on the 
mainland, though they may have been of contempora- 
neous origin, and been subsequently upraised to the 
same height. In the more northern parts of (Jhile, tlie 
tertiaiy strata seem to have l^een separately accumu- 
lated in bays, now forming the mouths of valleys. 

Tlie relation between thiise several deposits on the 
shores of tlie Pacific, is not nearly so clear as in the 
case of the tertiary formations on the Atlantic. Judging 
from the form and heiglit of the land (evidence which 
I feel sure is here much more trustworthy than it can 
be in such broken continents as that of Europe), from 
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the identity of inineralogical composition, from the 
presence of fragments of lignite and of silicified wood, 
and from the intercalated layers of imperfect coal, I 
must believe that the coast-formations from central 
i'^hiloe to Concepcion, a distance of 400 miles, are of 
the same age ; from nearly similar reasons, I suspect 
tliat <lie beds of Mocha, Huafo, and Ypun, belong also 
to the same period. The commonest shell in Mocha 
and lluafo is the same species of Turritella ; and I 
l>elieve the same (\vthera^a is found on the islands of 
Huafo, Oliiloe, and Ypun ; but with these trifling ex- 
ceptions, the few organic remains found at these places 
are distinct. The numerous shells from Navidad, with 
the exception of two, namely, the Sigaretus and Tur- 
ritella found at Ypun, are likewise distinct from those 
found in any otl^er part of this coast. Oo(juiinbo has 
CanliWDi aaca in common with Concepcion, and Fusics 
Clenfdwas witli Huafo; I may add, that Coquimbo has 
VenwH petitlaaa^ and a gigantic oyster (said by 
j\L d’Orbigny also to be found a little south of Concep- 
cion) in common with Payta, though this latter place 
is situated twenty-two degrees northward of lat. 27°, to 
which point the Coquimbo formation extends. 

From these facts, and from the generic resemblance 
of the fossils from tlie ditferent localities, I cannot avoid 
tiie suspicion that they all belong to nearly the same 
epoch, which epoch, as we sliall immediately see, must 
bo a very anci(mt tertiary one. But as the Baculite, 
especially considering its apparent identity with the 
Cretaceous PondiclieiTy species, and the presence of an 
Ammonite, and the resemblance of tlie Nautilus to two 
upper greensand species, together afford very strong 
evidence that the formation at Concepcion is a Secondary 
one ; I will, in my remarks on the fossils from the other 
localities, put on one side those from Concepcion and 
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from Eastern Chiloe, which, whatever their age may be, 
appear to me to belong to one group, I must., however, 
again call attention to the fact that the Cardium auca 
is found both at Concepcion and in the undoubtedly 
tertiary strata of Coqiiimbo : nor should the possibility 
be overlooked, that as Trigonia, though known in tluj 
Northern Hemisphere only tis a Secondary genus, has 
living representatives in the Australian seas, so a Bacu- 
lite, Ammonite, and Trigonia may have survived in this 
remote part of the Southern Ocean to a somewhat later 
period than to the north of the equator. 

Before passing in review the fossils from tlie other 
localities, there are two points, with respect to the for- 
mations between Concepcion and Chiloe, wliich deserve 
some notice. First, that though tlie strata are generally 
horizontal, they liave been upheaved in Chiloe in a set 
of parallel anticlinal and uniidinal lines ranging north 
and south, — in the district near P. Knmena by eight 
or nine far-extended, most symmetrical, unicliiial lines 
ranging nearly east and west, — and in the neigh! )onrhood 
of Concepcion by less regiihir single lines, directed both 
NE. and SW., and NW. and SE. This fact is of some 
interest, as showing that within a period wdiich cannot 
be considered as very ancient in relation to the history 
of the continent, the strata between the Cordillera and 
the Pacific have been broken up in the same variously- 
directed manner as have the old platonic and meta- 
morphic rocks in this same district. The second point 
is, that the sandstone between Concepcion and Southern 
Chiloe is everywhere lignitiferous, and includes much 
silicified wood ; whereas the formations in Northern 
Chile do not include beds of lignite or coal, and in place 
of the fragments of silicified wood there are silicified 
bones. Now, at the present day, from Cape Horn to 
near Concepcion, the land is entirely concealed by forests, 
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which thin out at Concepcion, and in central and 
northern Chile entirely disappear. Tliis coincidence in 
the distribution of the fossil wood and the living forests 
may be quite accidental ; but I incline to take a diffe- 
rent view of it ; for, as the difference in climate, on 
which the presence of forests depends, is here obviously 
in chief part due to the form of the land, and as the 
Cordillera undoubtedly existed when the lignitiferous 
beds were accumulating, I conceive it is not improbable 
that the climate, dming the lignitiferous period, varied 
on different parts of the coast in a somewhat similar 
manner as it now does. Looking to an earlier epoch, 
when the strata of tlie Cordillera were depositing, there 
were islands which even in the latitude of Northern 
Chile, where now all is irreclaitnnbly desert, supported 
large coniferous forests. 

Seventy-nine species of fossil shells, in a tolerably 
recognisable condition, from the coast of Chile and Peru, 
are described in tins volume, and in the Paloeoiitological 
pait of M. d’Orbigny’s ^Voyage’: if we put on one side 
the twenty species exclusively found at Concepcion and 
Chiloe, fifty-nine species from Navidad and the other 
specified localities remain. Of these fifty-nine species 
only an Artemis, a Mytilus, and Kalanus, all from 
Coipiimbo, are (in the opinion of Mr. Sowexby, but not 
in that of M. d’Orbigny) identical with living shells; 
and it would certainly require a better series of speci- 
mens to render this conclusion certain. Only the 
Turntella Ckilenms from Hiiafo and Mocha, the T. 
Patagonica and Veims rueridhiuvlis from Navidad, 
come very near to recent South American shells, namely, 
the two Turritellas to T, dngulata^ and the Venus to 
F. exalbida : some few other species come rather less 
near ; and some few resemble forms in the older Euro- 
pean tertiary deposits : none of the species resemble 
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secondary forms. Hence I conceive there can be no 
doubt that these formations are tertiary, — a point ne- 
cessary to consider, after tlie case of Concepcion. The 
fifty-nine species belong to thirty-two genera ; of these, 
Gastridium is extinct, and three or four of the genera 
(viz. Panopaea, Eostellaria, Corbis ? , and 1 believe 
Solecurtus) are not now found on the west coast of South 
America. Fifteen of the genera have on this coast 
living representatives in about the same latitudes with 
the fossil species ; but twelve genera now range very 
differently to what they formerly did. The idea of the 
1 r '■ ' ■; ■ , 

I Genera, witli living and | Latitndes, in wliich found | Roiuliornmosl latitudi*, in 
! tcrriiij'y on tbe I on the counts of I wJiich found living on the 

t coast «il' .S, j } and Pern ! wt>r eoust of rt. Aincricj 


Bulla . 

30^ to J3° 30' 

12" near Linui 

Cassis . . . 

34° 

1" 37' 

Pyruhi . 

31° (and 3C° 30' at 

t>" Payta 

‘Fusus . . . 

wOUi vlKJOJJ 1 

30'' to 43'^ 30' 

23" Mexillom-s ; re-ap- 
pears at, the Hr. of 
Magellan 

2" 18' St. Elena 

Pleurotoum . 

34" to 43" 30' 

Terebra . . . 

84" 

o" I'avta 

Sjgaretu-? 

o 

o 

''S 

o 

■rS 

! 12" Tama 

Auomia . . . 

30" 

1 7" 48' 

Porna . 

30" 

1 1" 23' Xi.vappa 

Cardiuin . . . 

30 " to 34" (imd 36" 30' 
at Concepcion) 

1 5" Payta 

Artemis 

30" 

: 3" Payta 

Vuluta , , . 

34° to 44° 30' 

1 Mr. Cuming does not 

1 know of any species 


living on the Wt*st | 
cojist, ladwoitn tho j 
j equator and lat. 43*^ 

, Kouth ; from this luti- 

tutlo a species is 
found as far south t 
'i'ierra del Fuego. 

* M. d’Orbigny statos that the genus Natica is not foun<l on the 
roast of Chile; but Mr, Cuming found it at Valparaiso. Scalaria was 
found at Valparaiso ; Area, at Iqiiique, in lat. 20'^, by Mr, Curnincr ; 
Area, also, Miis found by Capt. King, at Juan h'ernaiidez, in lat. 33*^ 
30'. 
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table 6n tbe previous pa^^e, in which the difference 
between the extension in latitude of thefossil and existing 
species is shown, is taken from M. d’Orbigny’s work ; but 
the range of tbe living shells is given on the authority 
of' Mr. Cuming, whose long-continued researches on the 
conchology of South America are well known. 

When we consider that very few, if any, of the fifty- 
nine fossil shells are identiciii with, or make any close 
approiich to, living species ; when we consider tliat some 
of the genera do not now exist on the west coast of 
8outh America, and that no less than twelve genera out 
of the thirty-two formerly ranged very difierently from 
the existing species of the same genera, wc must admit 
tliat these deposits are of considerable antiquity, and 
tliat they probably verge on the commencement of the 
tertiary era. May we not venture to believe, that they 
are of nearly cont.emporaneous origin with the Eocene 
formations of the Northern Hemisphere ? 

(Comparing the fossil remains from the coast of Chile 
(leaving out, as before, Concepcion and Chiloe) with 
those from Patagonia, we may conclude, from their 
generic I’esemblance, and from the small number of the 
species which from either coast a])proach closely to 
living forms, that the formations of both belong to 
nearly the same epoch ; and this is the opinion of M. 
d'Orbigny. Had not a single fossil shell l)een common 
to the two c<uists, it could not Imve been argued that 
the formations belonged to different ages ; for Messrs. 
Cuming and Hinds have found, on the comparison of 
nearly 2,0(X) living species from the opposite sides of 
South America, only one in common, namely, tbe Pur- 
jju ra lapillus from both sides of the Isthmus of Panama : 
even the shells collected by myself amongst the Chonos 
Ivslands and on tbe coast of Patagonia, are dissimilar, 
and we must descend to the apex of the continent, to 
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Tierra del Fuego, to find tbeRe two great conchological 
provinces united into one. Hence it is remarkable that 
four or five of the fossil shells from Navidad, namely, 
Voluta alta, Turritella Patagonica^ Trochus collans^ 
Venus nieridw'tuilisy perhaps Natica solida., and per- 
haps the large oyster from Coquirnbo, are considered by 
Mr. Sowerby as identi(*al with species from Santa Cruz 
and Port Desire. M. d’Orbigny, however, admits tlie 
perfect identity only of the Trochus. 

O'fi the Temperaivre of the TertUm) Period. — As 
the number of tlie fossil species and genera from the 
western and eastern coasts is considerable, it will ]>e 
interesting to consider the probable nature of the 
climate under which they lived. We will first take t])e 
case of Navidad, in lat. 34% where thirty-one species 
were collected, and which, as we shall presently see, 
must have inhabited shallow water, and therefore will 
necessarily well exhibit the effects of temperature, 
EefeiTing to the Table given in the previous page, we 
find that the existing species of tlie genera Cassis, 
Pyrula, Pleurotoma, Terebra, and Sigaretus, which are 
generally (though by no means invariably) characteristic 
of warmer latitudes, do not at tlie present day range 
nearly so far soutli on this line of coast as the fossil 
species formerly did. Including ('cKpiimbo, we have 
Perna in the same predicament. The first impression 
from this fact is, that the climate must formerly have 
been warmer than it now is ; but we must very 
cautious in admitting this, for Cardium, Bulla, aiul 
Fiisus (and, if we include Coquirnbo, Anomia and 
Artemis) likewise formerly ranged farther south than 
they now do ; and as these genera are far from being 
characteristic of hot climates, their fonner greater 
southern range may well have been owing to causes 
quite distinct from climate: Voluta, again, though 



XU. Temperature of Tertiary Period. 413 

generally so tropical a genus, is at present confined on 
the west coast to colder or more southern latitudes than 
it was during the tertiary period. The TtocIiuh collaris^ 
moreover, and, as we have just seen according to Mr. 
Sowerhy, two or three other species, formerly ranged 
from Naridad a; far south as Santa Cruz in lat. 50°. If, 
instead of comparing the fossils of Navidad, as we have 
hitherto done, with the shells now living on the west 
coast of South America, we compare them with those 
found in other parts of the world, under nearly similar 
latitudes ; for instance, in the southern parts of tlie 
Mediterranean or of Australia, there is no CAddence 
that tlu^ mi off Navidad was formerly hotter than what 
might have been expect(^d from its latitude, even if it 
was somewdiat warmtT than it now is when cooled by 
the great southern polar current. Several of the most 
tropical genei-a have no representative fossils at Navi- 
dad ; and there are only single species of Cassis, Pyrula, 
and SigaretuH, two of Plourotoma and two of Terebra, 
but none of tliose species are of conspicuous size. In 
Patagonia, there is even still less evidence in the 
character of the fossils, of the climate having been 
formerly \variner,^ As from the various reasons already 
assigned, there can be little doubt that the formations 
of Patagonia and at least of Navidad and Coquimbo in 
Chile, are the equivalents of an ancient stage in the 
tertiary formations of the northern hemisphere, the 
conclusion that the climate of the southern seas at this 
period was not hotter than what might have been ex- 
pected from the latitude of each place, appears to me 
highly important ; for we must believe, in accordance 

* It may be worth while to mention that tlie shells living at the 
present dny on tliis easteni side of S. America, in let. 40^ hare perhaps 
a more tropical character than those in c<irresponding latitudes on the 
shor<*s nf Knropt^ : for at Bahia Blanca and S. Bltiss, there tire tw’b fine 
species of Voluta and four of Oliva. 
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with the views of Mr, Lyell, that the causes wliich gave 
to the older tertiary productions of the quite temperate 
zones of Europe a tropical character, weM of a local 
clmracter and did not affect the entire globe. On the 
other hand, I have endeavoiired to show, in the Geo- 
logical Transactions,’ that, at a much later period, Europe 
and North and South America were nearly contempora- 
neously subjected to ice-action, and consequently to a 
colder, or at least, more equable climate than that now 
characteristic of the same latitudes. 

(hi the Absence of extensive modern Convhiferons 
Deposits in South Arneri-ca ; and on the Contempo- 
raneousness of the older Tertkiry Deposits at dlstimt 
points being d\(e to contemporaneotis movements of 
s^dsidence , — Knowing from the researches of Professor 
E, Forbes, that molluscous animals chiefly abound 
within a depth of 100 fathoms and under, and bearing 
in mind how many thousand miles of both coasts of 
SoTith America have been upraised within the recent 
})eriocl by a slow, long-continued, intermittent move- 
ment, — seeing the diversity in nature of the shores and 
the number of shells now living on tliem, — seeing also 
that the sea off Patagonia and off many parhs of (Aile, 
was during the tertiary period highly favourable to the 
accumulation of sediment, — the a])sence of extensivt^ 
deposits ineduding recent sht*lls ov<ir tijese vast sfwices 
of coast is highly reinarkable, Tlie conchiferous cal- 
careous beds at Coquirabo, and at a few isolated points 
northward, offer tlie most marked exception to this 
statement ; for thew^ beds are from twenty to t hirty 
feet in thickn(*ss, and they streteli for some miles along 
shore, attaining, Ijowever, only a very trifling breadth. 
At Valdivia there is some sandstone with imperfect casts 
of shells, which possibly may belong to the recent fjeriod : 
parts of the boulder formation and the shingle-beds on 
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the lower plains of Patagonia probably l^long to this 
same period, but neither are fossiliferous : it also so 
happens that the great Pampean formation does not in- 
clude, with the exception of the Azara, any mollusca* 
There cannot be the smallest doubt that the upraised 
shells along the shores of the Atlantic and Pacific, 
whether lying on the bare surface, or embedded in mould 
or in sand “hillocks, will in the course of ages be destroyed 
by alluvial action : this probably will be the case even 
with the calcareous beds of Coquimbo, so liable to dis- 
solution by rain-water. If we take into consideration 
the probability of oscillations of level and the conse- 
quent action of the tidal waves at different heights, 
their destruction will appear almost certain. Looking 
to an ey)och as far distant in futurity as we now are 
from the past Miocenes period, there seems to me scarcely 
a chance, under existing conditions, of the numerous 
shells now living in those zones of depths most fertile 
in life, and found exclusively on the western and south- 
eastern coasts of South America, being preserved to this 
imaginary distant epoch. A whole corichological series 
will in time be swept away, with no memorials of their 
existence preserved in the earth’s crust. 

Can any light be thrown on this remarkable absence 
of recent conchiferous deposits on these coasts, on which, 
at an ancient tertiary epv>ch, strata abounding with 
organic remains were extensively aceumnlated ? I think 
there can, namely, by cemsidering the conditions neces- 
sary for the preservation of a formation to a distant 
age. Looking to the enormous amount of denudation 
which on all sides of us has been effected, — as evi- 
denced by the lofty clifls cutting off on so many coasts 
horizontal and once far-extended strata of no great 
antiquity (as in the case of PaUigonia), — as evicfenced 
by the level surface of the ground on both sides of great 
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faults and dislocations, — by inland lines of escarpments, 
by outliers, and numberless other facts, and by that 
argument of high generality advanced by Mr. Lyell, 
namely, that e\x'ry sedimeatihry formation, whatever its 
thickness may be, and over however many hundred 
square miles it may extend, is the result and the measure 
of an equal amount of wear and tear of pre-existing 
formations ; considering these fa<jts, we must conclude 
that, as an ordinary rule, a formation to resist such vast 
destroying powers, and to last to a distant epoch, must 
be of wide extent, and either in itself, or together with 
superincumbent strata, be of great thickness. In this 
discussion, we are considering only formations contain- 
ing tlie remains of marine animals, which, as before 
mentioned, live, with some exceptions, within (most of 
them much within ) depths of a hundred fathoms. How, 
then, can a thick and widely extended formation be 
accumulated, whicli shall include such organic remains ? 
First, let us take the case of the bed of the sea long re- 
maining at a stationary level : under these circumstances 
it is evident that conchifimms strata can accumulate 
only to the same thickness with the depth at which 
the shells can live ; on gently inclined coasts alone can 
tliey accumulate to any considerable widtli ; and from 
the want of superincumbent pressure, it is probable 
that the sedimentary matter will seldom be much con^ 
Bolidated ; such formations have no very good chance, 
when in tlie course of time they are upraised, of long 
resisting the powers of denudation. The chance will 
be less if the submarine surface, instead of having re- 
mained stationary, shall have gone on slowly rising 
during the deposition of the strata, for in tliis case their 
total darkness must be less, and each part, before being 
consolidated or thickly covered up by superincumbent 
matter, will have had successively to pass through the 
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ordeal of the beach ; and on most coasts, the waves on 
the beach tend to wear down and disperse every object 
exposed to their action. Now, both on the south-eastern 
and western shores of South America, we have had clear 
proofs that the land has been slowly rising, and in the 
long lines of lofty cliffs, we have seen that the tendency 
of the sea is almost everywhere to eat into the land» 
Considering these facts, it ceases, I think, to be sur- 
prising, that extensive recent conchiferous deposits are 
entirely absent on the southern and western shores of 
America. 

Let us take the one remaining case, of the bed of 
the sea slowly subsiding during a length of time, whilst 
sediment has gone on being deposited. It is e^ddent 
that strata might thus accumulate to any thickness, each 
stratum being deposited in shallow water, and conse- 
quently abounding with those shells which cannot live 
at great depths : tlie pressure, also, I may observe, of 
each fresh bed would aid in consolidating all the lower 
ones. Even on a rather steep coast, though such must 
ever be unfavourable to widely extended deposits, the 
formations would always tend to increase in breadth 
ffoin the water encroaching on the land. Hence we 
may admit that periods of slow subsidence will com- 
monly be most favourable to tlie accumulation of 
conchiferows deposits, of sufScient thickness, extension, 
and hardness, to resist- the average powers of denudation. 

We have seen that at an ancient tertiary epoch, 
fossiliferous deposits were extensively deposited on the 
coasts of South America ; and it is a very interesting 
fact, that there is evidence that theses ancient tertiary 
beds were deposited during a period of subsidence* 
Thus, at Navidad, the strata are about 800 feet in thick- 
ness, and the fossil shells are abundant both at'^the level 
of the sea and some way up tlic cliffs ; having sent a 
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list of these fossils to Professor E. Forbes, he thinks 
they must have lived in water between one and ten 
fathoms in depth : hence the bottom of the sea on 
which these shells once lived must have subsided at 
least 700 feet to allow of the superincumbent matter 
being deposited. I must here remark, that, as all these 
and the following fossil shells are extinct species, Pro- 
fessor Forbes necessarily judges of the depths at which 
they lived only from their generic character, and from 
the analogical distribution of shells in the Northern 
Hemisphere; but there is no just cause from this to 
doubt the general results. At Huafo the strata are 
about the same thickness, namely, 800 feet, and Pro- 
fessor Forbes thinks the fossils found there cannot have 
lived at a greater depth than fifty fathoms, or 300 feet. 
These two points, namely, Navidad and Huafo, are 570 
miles apart, but nearly half-way between them lies 
Mocha, an island 1,200 feet in height, apparently formed 
of tertiary strata up to its level summit, and with many 
shells, including the same Turritella with that found 
at Huafo, embedded close to the level of the sea. In 
Patagonia, shells are numerous at St. Cruz, at the foot 
of the 350 feet plain, which has certainly been formed 
by the denudation of the 840 feet plain, and therefore 
was originally covered by strata that number of feet in 
thickness, and these shells, according to Profess 
Forbes, probably lived at a depth of between seven i 
fifteen fathoms : at Port St. Julian, sixty miles toj 
north, shells are numerous at the foot of the ninety 
plain (formed by the denudation of the 950 feet pb 
and likewise occasionally at the height of several Imii 
feet in the upper strata ; these shells must have liy 
water somewhere between five and fifty fathoms in </ 
Although in other parts of Patagonia I have no / 
evidence of shoal-water shells having been buried,' 
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a great thickness of snperincumbent submarine strata, 
yet it should be borne in mind that the lower fossili- 
ferous strata with several of the same species of MoUusca, 
the upper tufaceous beds, and the high summit-plain, 
stretch for a considerable distance southward, and for 
hundreds of miles northward ; seeing this uniformity 
of structure, I conceive it may be fairly concluded that 
the subsidence by which the shells at Santa Cruz and 
St. Julian were carried down and covered up, was not 
confined to these two points, but was co-extensive with 
a considerable portion of the Patagonian tertiary forma- 
tion. In a succeeding chapter it will be seen, that we 
are led to a similar conclusion with respect to the 
secondary fossiliferous strata of the Cordillera, namely, 
that they also were deposited dining a long-continued 
and great period of subsidence. 

From the foregoing reasoning, and from the facts 
just given, I think we must admit the probability of 
the following proposition : namely, that when the bed 
of the sea is either stationary or rising, circumstances 
are far less favourable, than when the level is sinking, 
to the accumulation of conckiferous deposits of sufficient 
thickness and extension to resist, when upheaved, the 
average vast amount of denudation. This result appears 
to me, in several respects, very interesting : everyone is 
at first inclined to believe that at innumerable points, 
wherever there is a supply of sediment, fossiliferous 
strata ai*e now forming, which at some future distant 
epoch will be upheaved and preserved ; but on the views 
above given, we must conclude that this is fer from 
being the case ; on the contrary, we require (1st), a 
long-continued supply of sediment; (2nd), an extensive 
shallow area ; and (3rd), that this area shall slowly 
subside to a great depth, so as to admit the accumula- 
tion of a widely-extended thick mass of superincumbent 

» » 2 
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Btyrata. In how few parts of the world, probably, do 
these conditions at the present day concur ! We can 
thus, also, understand the general want of tliat close 
sequence in fossiliferous formations which we might 
theoretically have anticipated ; for, without we suppose 
a subsiding movement to go on at the same vspot during 
an enormous period, from one geological era to another, 
and during the whole of this period sediment to accu- 
mulate at the proper rate, so that the depth should not 
become too great for the continued existence of mollus- 
cous animals, it is scarcely possible that there should be 
a perfect sequence at the same spot in the fossil shells 
of the two geological foimations.^ So far from a very 
long-continued subsidence being probable, many facts 
lead to the belief that the earth’s surface oscillates up 
and down ; and we have seen that during the clevatory 
movements there is but a small chance of diorahle fos- 
siliferous deposits accumulating. 

Lastly, these same considerations appear to throw 
some light on the fact that certain periods appear to 
have been favourable to the deposition, or at least to 
the preservation, of contemporaneous formations at very 
distant points. We have seen that in South America 
an enormous area has been rising within the recent 
period; and in other quarters of the globe immense 
spaces appear tn have risen contemporaneously. From 
my examination of the coraLrf^efs of the great oceans, 
I have been led to conclude that the bed of the sea has 

* Professor H. B. Bogers, in his excellent address to the Association 
of American Geologists (.Si lliman's ‘Journal,’ toI. xlvii, p. 277), makes the 
following remark : ‘I question if we are a1 all aware how completely the 
whole history of all departed time lies indelibly recorded with the 
amplest minuteness of detail in the successive sedinioiits of the globe, 
how effectually, in other words, every period of time has written its own 
history, carefully preserving every created form and every trace of 
action.’ 1 think the correctness of such remarks is more than doubtful, 
even if wo except (us I suppose lie would) all those numerous organic 
iorms which contain no hard parts. 
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gone on slowly sinking within the present era, over truly 
vast areas ; this, indeed, is in itself probable, from the 
simple fact of the rising areas having been so large. In 
South America we have distinct evidence that at nearly 
the same tertiary period, the bed of the sea off parts of 
the coast of Chile and off Patagonia was sinking, though 
these regions are very remote from each other. If, 
then, it holds good, as a general rule, that in the same 
quarter of the globe the earth’s crust tends to sink and 
rise contemporaneously over vast spaces, we can at 
once see, that we have at distant points, at the same 
period, those very conditions which appear to be re- 
quisite for the accumulation of fossiliferous masses of 
sufficient extension, thickness, and hardness, to resist 
denudation, and consequently to last unto an epoch 
distant in futurity.* 

* Proftjssor PorLes has some admirable remarks on this subject, in his 
* Beport on the Shells of the JEgean Sea.* In a letter to Mr. Maclarec 
(‘ Edinburgh New Phil. Journal,’ January 1$43), I partially entered into 
this discussion, and endeavoured to show that it was liighly improbable, 
that upraised stolls or barrier-reefs, though of great thickness, should, 
owing tx) their small extension or breadth, bo preserved to a distant 
future period. 
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CHAPTER XIIL 


PLUTONIC AND METAMORPHIC HOCKS: — CLEAVAOE AND 
FOLIATION. 

Bahia, gneiss with disjointed metamorphosed dikes — Strike of 
foliaiion — Bio de Janeiro, gneiss-granite, end>edded fragment in, de- 
composition of— La Plata, meiamorjjhic and old volcanic rocks of— 
iS. Ventana — Clay stone porphyry jormation of Patagonia ; singular 
metamorpkic rocks ; speudo-dikes— Falkland Islands, paleozoic fossils 
of—Tierra delfucgo, clay-slate formation, cretaceom fossils of; cleav- 
age and foliation ; form of land—Chonos Archipelago, mica schists, 
filiation disturbed Iry granitic axis ; dikes — Chiloc — Ccmcepcion, dilces, 
successive formation of— Central and Northern Chile — Concluding 
remarks on deavage and foliation— Their close analogy and simitar 
origin — Stratification of metamorphic schists — Foliation of intrusive 
rocks — Belation of cleavage and foliation to the lines of tension during 
metamorphosis. 


The metamorphic and plutonic formations of the several 
districts visited by the Beagle will be here chiefly 
treated of, but only such cases as appear to me new, or 
of some special interest, will be described in detail ; at 
the end of the chapter I will sum up all the facts 
on cleavage and foliation, — ^to which I particularly 
attended. 

Bahia^ Brazil : lat 13® south . — The prevailing 
rock is gneiss, often passing, by the disappearance of 
the quartz and mica, and by the feldspar losing its 
red colour, into a brilliantly grey primitive green- 
stone. Not unfrequently quartz and hornblende are 
arranged in layers in almost amorphous feldspar. 
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There is some fine-grained syenitic granite, orbicularly 
marked by ferruginous lines, and weathering into 
vertical, cylindrical holes, almost touching each other. 
In the gneiss, concretions of granular feldspar and 
others of garnets with mica occur. The gneiss is 
traversed by numerous dikes composed of black, finely 
crystallised, hornblendic rock, containing a little glassy 
feldspar and sometimes mica, and varying in thickness 
from mere threads to ten feet: these threads, which 
are often curvilinear, could sometimes be traced running 
into the larger dikes. One of these dikes was remark- 
able from having been in two or three places laterally 
disjointed, with unbroken gneiss interposed between 
the broken ends, and in one part with a poition of the 
gneiss driven, apparently whilst in a softened state, 
into its side or wall. In several neighbouring places, 
the gneiss included angular, well-defined, sometimes 
bent, masses of hornblende rock, quite like, except in 
being more perfectly crystallised, that forming the 
dikes, and, at least in one instance, containing (as 
determined by Professor Miller) augite as well as 
hornblende. In one or two cases these angular masses, 
though now quite separate from each other by the solid 
gneiss, had, from their exact correspondence in size 
and shape, evidently once been united ; hence I cannot 
doubt that most or all of the fragments have been 
derived from the breaking up of the dikes, of which we 
see the first stage in the above-mentioned laterally 
disjointed one. The gneiss close to the fragments 
generally contained many large crystals of hdirnblende, 
which are entirely absent or rare in other parts : its 
folia or laminae were gently bent round the fragments, 
in the same manner as they sometimes are round concre- 
tions. Hence the gneiss has certainly been softened, 
its composition modified, and its folia arranged, sub- 
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Bequently to the breaking up of the dikes, ^ these latter 
also having been at the same time bent and softened. 

I must here take the opportunity of premising, 
that by the term cleavage^ I imply those planes of 
division which render a rock, appearing to the eye 
quite or nearly homogeneous, fissile. By the term/oZia- 
tion^ I refer to the layers or plates of different minera- 
iogical natme of which most metamorphic sciiists are 
composed; there are, also, often included in such 
masses, alternating, homogeneous, fissile layers or folia, 
and in this case the rock is both foliated and has a 
cleavage. By fitratificatian, as applied to tliese forma- 
tions, I mean those alternate, parallel, large masses of 
different composition, which are themselves frequently 
either foliated or fissile, — such as the alternating so- 
called strata of mica-slate, gneiss, glossy clay-slate, and 
marble. 

The folia of the gneiss within a few miles round 
Bahia generally strike irregularly, and are often cur- 
vilinear, dipping in all directions at various angles : 
but where best defined, they extended most frequently 
in a NE. by N. (or East 50^ N.) and SW. by S. line, 
corresponding nearly with the coast-line northwards 
of the bay. I may add that Mr. Gardner ^ found in 
several parts of the province of Ceara, which lies 
between 400 and 500 miles north of Bahia, gneiss with 
the folia extending E. 45® N. ; and in Guyana, accord- 
ing to Sir E. Schomburgk, the same rock strikes E. 
57® N. Again, Humboldt describes the giieiss-gi'anite 
over an immense area in Venezuela and even in Colombia, 
as striking E. 50® N., and dipping to the NW. at an 

* Professor Hitchcock (‘Geolog. of Massachusetts,’ vol. ii. p. 673) 
gives a closely similar case of a greenstone dike in syenite. 

* * Oeol<^cal Section of the Brit Assoc.’ 1840. For Sir R. 
Schomburgk’s observations, see ‘ Qeograph. Journal/ 1842, p. 190. See 
also Humboldt’s discussion on Loxodrism in the ‘ Personal Narrative/ 
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aDgle of fifty degrees. Hence all the observations 
hitherto made tend to show that the gneissic rocks 
over the whole of this part of the continent have 
their folia extending generally within almost a point of 
the compass of the same direction. ‘ 

JSio (Ze Janeiro . — This whole district is almost 
exclusively formed of gneiss, abounding with garnets, 
and porphyi'itic with large crystals, even three and four 
inches in length, of ortboclase feldspar : in these 
crystals mica and garnets are often enclosed. At the 
western base of the Corcovado, there is some ferruginous 
carious quartz-rock ; and in the Tijeuka range, much 
fine-grained granite. I observed boulders of greenstone 
in several places; and on the islet of Villegagnon, and 
likewise on the coast some miles northward, two large 
trappean dikes. The porphyritic gneiss, or gneiss- 
granite as it has been called by Humboldt, is only so 
far foliated that th(i (constituent minerals are arranged 
with a certain degree of regularity, and may be said to 
have a ‘ gvain^ but they are not separated into distinct 
folia or lamina3. There are, however, several other 
varieties of gneiss regularly foliated, and alternating 

* I landed at only one place north of Btihiri, namely, at Pernambuco, 
I found there only soft, horizontally stratified matter, formed from dis- 
integrated granitic rocks, and some yellowish impure limestone, pro- 
bably of a tertiary epoch. I have described a most singular natural 
bar of hard sjindstone, which protects the harbour, in the A})pftndbc to my 
work, ‘ The Structure and Distribution of Coral Reefs,’ 2nd edit. p. 266. 

ABUomos Islets, 18 ® S.off the coast of Brazil. — Although not 
strictly in place, I do not know where I can more conTcniently describe 
this little group of small islands. The lowest bed is a sandstone with 
ferruginous veins ; it weatlu’rs into an extraordinary honey -cdtnbed mass ; 
above it there is a dark-coloured argillaceous shale ; above this a coarser 
sandstone-making a total thickness of about sixty feet ; and lastly, above 
these sedimenbiry beds, there is a fine conformable mass of greenstone, in 
I some parts having a colurnDfU* structure. All the strabi, as well as tlie 
surface of the land, dip at an angle of about 12® to N. by W. JSome of 
the islets are composed entirely of the sedimentary, otlmrs of the trap- 
pean rocks, generally, however, with the sandstones cropping out on the 
southern shores. 
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with each other in so-called strata* The stratification 
and foliation of the ordinary gneisses, and the folia- 
tion or ^ grain’ of the gneiss-granite, are parallel to 
each other, and generally strike within a point of NE* 
and SW. dipping at a high angle (between 50'" and 60®) 
generally to SE. : so that here again we meet with the 
strike so prevalent over the more northern parts of this - 
continent. The mountains of gneiss-granite are to a 
remarkable degree abruptly conical, which seems caused 
by the rock tending to exfoliate in thick, conically 
concentric layers : these peaks resemble in shape those 
of phonolite and other injected rocks on volcanic 
islands \ nor is the grain or foliation (as we shall after- 
wards see) any difficulty on the idea of the gneiss- 
granite having been an intrusive rather than a meta- 
morphic formation. The lines of mountains, but not 
always each separate hill, range nearly in the same 
direction with the foliation and so-called stratification, 
but rather more easterly. 

On a bare gently inclined surface of the j>orpliyritic 
gneiss in Botofogo Bay, I observed the appearance here 
represented. 

A fragment seven yards long and two in width, 
with angular and distinctly defined edges, composed of 
a peculiar variety of gneiss with dark layers of mica 
and garnets, is surrounded on all sides by tlie ordinary 
gneiss-granite; both having been dislocated by a 
granitic vein. The folia in tlie fragment and in the 
surrounding rock strike in the same NNE. and SSW* 
line ; but in the fragment they are vertical, whereas 
in the gneiss-granite they dip at a small angle, as 
shown by the arrows, to SSE. This fragment, con- 
sidering its great size, its solitary position, and its* 
foliated structure parallel to that of the surrounding 
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is, CIS far as I know, a unique case : and I 
not attempt any explanation of its origin. 


No. 88. 

Fragment of Gneiss embedded in another variety of the same rock. 



The numerous travellers ^ in this country, have all 
been greatly surprised at the depth to which the gneiss 
and other granitic rocks, as well as thetalcose slates of 
the interior, have been decomposed. Near Rio, every 
mineral except the quartz has been completely softened,, 
in some places to a depth little less than one himdred feet.^' 
The minerals retain their positions in folia ranging in 
the usual direction ; and fractured quartz veins may be 
traced from the solid rock, running for some distance 
into the softened, mottled, highly coloured, argillaceous 
mass. It is said that these decomposed rocka^abound 

* Spix and Martins have collected in an Appendix to their * Travels/ 

the largest body of facts on this subject. See, also, some remarks by 
M. Lund, in his communications to tie Academy at Copenhagen; and 
others by M. Gaudichaud, in Freycinet’s ‘Voyage.’ ^ r- » c 

* Dt, Benza describes granitic rock (‘M^ras Journal of Lit. &c. 
Oct. 1886, p. 246), in the Neelgherries, decomposed to a depth of forty 
feet. 
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with g^ms of yarious kinds, often in a fractured state, 
owing, as some Imve supposed, to the collapse of geodes, 
and that they contain gold and diamonds* At Eio, it 
appeared to me that the gneiss had been softened before 
the excavation (no doubt by the sea) of the existing, 
broad, flat-bottomed valleys ; for the depth of decom- 
position did not appear at all conformable with the 
present undulations of the surface. The porphyritic 
gneiss, where now exposed to the air, seems to with- 
stand decomposition remarkably well ; and I could see 
no signs of any tendency to the production of argillar- 
ceous masses like those here described. I was also 
struck with the fact, that w^here a bare surface of this 
rock sloped into one of the quiet bays, there were no 
marks of erosion at the level of the water, and the 
parts both beneath and above it preserved a uniform 
ciuve. At Bahia, the gneiss rocks are similarly decom- 
posed, with the upper parts insensibly losing their 
foliation, and passing, without any distinct line of 
separation, into a bright red ^argillaceous earth, includ- 
ing partially rounded fragments of quartz and granite. 
From this circumstance, and from the rocks appearing 
to have suffered decomposition before the excavation of 
the valleys, I suspect that here, as at Eio, the decom- 
position took place under the sea. The subject 
appeared to me a curious one, and would probably well 
repay careful examination by an able mineralogist. 

The Northern Frovijicee of La Plata , — According 
to some observations communicated to me by Mt. Fox, 
the coast from Eio de Janeiro to the mouth of the 
Plata seems everywhere to be granitic, with a few 
trappean dikes. At Port Alegre, near the boundary of 
Brazil, there are porphyries and diorites.' At the 
mouth of the Plata, I examined the country for twenty- 

‘ M. Isabelle, ‘ Voyage a Buetios Ayres,* p, 479. 
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five miles west, aud for about seventy miles north of 
Maldonado: near this town, there is some common 
gneiss, and much, in all parts of the country, of a 
coarse-grained mixture of quartz and reddish feldspar? 
often, however, assuming a little dark-green imperfect 
hornblende, and then immediately becoming foliated^ 
The abrupt hillocks thus composed, as well as the 
highly inclined folia of the common varieties of gneiss, 
strike NNE. or a little more easterly, and SSW. Clay- 
slate is occasionally met with, and near the L. del 
Potrero, there is white marble, rendered fissile from the 
presence of hornblende, mica, and asbestns ; the cleavage 
of these rocks and their stratification, that is the alter- 
nating masses thus composed, strike NNE, and SSW. 
like the foliated gneisses, and have an almost vertical 
dip. The Sierra Larga, a low range five miles west 
of Maldonado, consists of quartzite, often ferruginous,, 
having an arenaceous feel, and divided into excessively 
thin, almost vertical lamintB or folia by microscopically 
minute scales, apparently of mica, and striking in the 
usual NNE, and SSW. direction. The 3’ange itself is 
formed of one principal line with some subordinate 
ones; and it extends with remarkable unifomity far 
northward (it is said even to the confines of Brazil), in 
the same line with the vertically ribboned quartz rock 
of which it is composed. Tlie S. de las Animas is the 
highest range in the country ; 1 estimated it at 1,000 
feet ; it runs north and south, and is formed of feld- 
spatiiic porphyry ; near its base there is a NNW. and 
SSE, ridge of a conglomerate in a highly polTphyritic 
basis. 

Northward of Maldonado, and south of Las Minas, 
there is an E. and W. hilly band of country, some miles 
in widtli, formed of siliceous clay-slate, with some quartz, 
rock and limestone, having a tortuous irregular cleav- 
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aige, generally ranging east and west. E. and SE. of 
Las Minas there is a confused district of imperfect 
gneiss and laminated quartz, with the hills ranging in 
various directions, but with each separate hill generally 
running in the same line with the folia of the rocks of 
which it is composed : this confusion appears to have 
been caused by the intersection of the [E. and W.] and 
[NNE. and SSW.] strikes. Northward of Las Minas, 
the more regular northerly ranges predominate : from 
this place to near Polanco, we meet with the coarse- 
grained mixture of quartz and feldspar, often with the 
imperfect hornblende, and then becoming foliated in 
a N. and S. line — with imperfect clay-slate, including 
laminae of red crystallised feldspar — with white or black 
marble, sometimes containing asbestus and crystals of 
gypsum — with quartz-rock — with syenite — and lastly, 
with much granite. The marble and granite alternate re- 
peatedly in apparently vertical masses : some miles north 
ward of the Polanco, a wide district is said to be entirely 
composed of marble. It is remarkable, how rare mica 
is in the whole range of country north and westward 
of Maldonado. Throughout this district, the cleavage 
of the clay-slate and marble — the foliation of the 
gneiss and the quartz — the stratification or alternating 
masses of these several rocks — and the range of the 
hills, all coincide in direction; and although the 
oountry is only hilly, the planes of division are almost 
everywhere very highly inclined or vertical. 

Some ancient submarine volcanic rocks are worth 
mentioning, from their rarity on this eastern side of 
the continent. In the valley of the Tapas (fifty or 
rsixty miles N. of Maldonado) there is a tract three 
er four miles in length, composed of various trappean 
rocks with glassy feldspar — of apparently metamorphosed 
grit-stones — of purplish amygdaloids with large kernels 
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of carbonate of lime^ — and much of a harsMsh rock 
with glassy feldspar intermediate in character between 
elaystone porphyry and trachyte. This latter rock was 
in one spot remarkable from being full of drusy cavities, 
lined with quartz crystals, and arranged in planes, 
dipping at an angle of 50® to the east, and striking ' 
parallel to the foliation of an adjoining hill composed 
of the common mixture of quartz, feldspar, and im- 
perfect hornblende: this fact perhaps indicates that 
these volcanic rocks have been metamorphosed, and 
their constituent parts re-arranged, at the same time 
and according to the same laws, with the granitic 'and 
metamorphic formations of this wliole region. In the 
valley of the Marmaraya, a few miles south of the 
Tapas, a band of trappean and amygdaloidal rock is 
interposed between a hill of granite and an extensive 
surrounding formation of red conglomerate, which (like 
that at the foot of the S. Animas^) l)as its basis porphy- 
ritic with crystals of feldspar, and which hence has 
certainly suffered metamorphosis. 

Monte Video . — The rocks here consist of several 
varieties of gneiss, with the feldspar often yellowish, 
granular and imperfectly crystallised, alternating with, 
and passing insensibly into, beds, from a few yards to 
nearly a mile in thickness, of fine or coarse grained, 
dark-green hornblendic slate ; this again often passing 
into chloritic schist. These passages seem chiefly due 
to changes in the mica, and its replacement by other 
minerals. At Kat Island I examined a mass of chloritic 
schist, only a few yards square, irregularly surfounded 
on all sides by the gneiss, and intricately penetrated 
by many curvilinear veins of quartz, which gradually 
blend into the gneiss; the cleavage of the chloritic 

* Near the Pan de Azncar there is some greenish porphyry, in one 
place amygdaloidal with agate. 



La Plata : 




432 

schist and the foliation of the gneiss were exactly 
parallel. Eastward of the city there is much fine- 
grained dark-coloured gneiss, almost assuming the 
character of hornblende-slate, which alternates in thin 
laminse with himinse of quartz, the whole mass being 
transversely intersected by numerous large veins of 
quartz : I particularly observed that these veins were 
absolutely continuous with the alternating laminae of 
quartz. In this case and at Rat Island, the passage of 
the gneiss into imperfect hornblendic or into chloritic 
slate, seemed to be connected with the segregation of 
the veins of quartz.^ 

The Mount, a hill believed to be 450 feet in height, 
from which the place takes its name, is much the 
highest land in this neighbourhood : it consists of hom- 
blendic slate, which (except on the eastern and disturbed 
base) has an east and west nearly vertical cleavage ; 
the longer axis of the hill also ranges in this same line. 
Near the summit the hornblende-slate gradually be- 
comes more and more coarsely crystallised, and less 
plainly laminated, until it passes into a heavy, sonorous 
greenstone, with a slaty corichoidal fracture ; the 
laminie on the north and south sides near the summit 
dip inwards, as if tliis upper part liad expanded or 
bulged outwards. This greenstone must, I conceive, be 
considered as metamorpliosed hornl)lend(i-slate. The 
Cerrito, the next highest, but mrndi less elevated 
point, is almost similarly composed. In the more 
western parts of the province, besides gneiss, there is 
quai-tz-rock, syenite, and granite ; and at Colla, I heard 
of marble. 


* 3Ir. Oyftonough (p. 78, ‘ Critiail Examination,’ ^ q ..) otsc-rvos that 
quartz in mica-slatc Hometinies appears in beds and sometimes in reins, 
von Each also, in his * Travels in Norway ’ (p, 236), remarks on alterna- 
ting laminse of quartz and hornblende-slato replacing mica-schist. 
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Near M. Video, the space which I more accurately 
examined was about fifteen miles in an east and west 
line, and here I found the foliation of the gneiss and the 
cleavage of the slates generally well developed, and ex- 
tending parallel to the alternating strata composed of the 
gneiss, hornblendic and chloritic schists. These planes 
of division all range within one point of east and west, 
frequently east by south and west by north ; their dip 
is generally almost vertical, and scarcely anywhere 
under 45° : this fact, considering how slightly undula- 
tory ihe surface of the country is, deserves attention. 
Westward of M. Video, towards the Uruguay, wherever 
the gneiss is exposed, thc^ highly inclined folia are 
seen striking in the same direction ; I must except one 
spot where the strike was NW. by W. The little 
Sierra de S. Juan, formed of gneiss and laminated 
quartz, must also be excepted, for it ranges between 
[N. to NE.] and [S. to SW.'j and seems to belong to 
the same system witli the hills in the Maldonado 
district. Finally, we have seen that, for many miles 
northward of Maldonado and for twenty-five miles 
westward of it, as far as the S. de las Animas, the folia- 
tion, cleavage, so-called stratification and lines of hills, 
all ranges NNE, and >SSW,, which is nearly coincident 
with the adjoining coast of the Atlantic. Westward of 
the S. de las Animas, as far as even the Uruguay, the 
foliation, cleavage, and stratification (but not lines of 
hills, for thfjre are no defined ones) all range about E. 
by S. and W. by N,, which is nearly coineidept with 
the direction of the northern shore of the Plat a ; in the 
confused country near Las Minas, where these two great 
systems appear to intersect each other, the cleavage, 
foliation, and stratification run in various directions, 
but generally coincide with the line of each separate 
hill. 
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Southern La Plata.— TI oq first ridge, south of the 
Plata, which projects through the Pampeau formation, 
is the Sierra Tapalguen and Vulcan, situated 200 miles 
southward of the district just described. This ridge is 
only a few hundred feet in height, and rims from C. 
Corrieiites in a WNW. line for at least 150 miles into 
the interior : at Tapalguen, it is composed of unstrati- 
fied granular quartz, remarkable from forming tabular 
masses and small plains, surrounded by precipitous cliffs : 
other parts of tiie range are said to consist of granite : 
and marble is found at tlie S. Tinta. It appears from 
M. Parchappe's ^ observations, that at Tandil there is a 
range of quartzosc gneiss, verj^ like tlie rocks of the S- 
Larga near Maldonado, miming in the same NNE. and 
SSW. direction ; so that the frame-work of the country 
here is very similar to that on tho northern shore of 
the Plata. 

The Sierra Guitru-gueyu is situated sixty miles 
south of the S. Tapalguen: it consists of numerous 
parallel, sometimes blended together ridges, about 
twenty-tliree miles in width, and 500 feet in height 
above the plain, and extending in a N\V. and SE. 
direction. Skirting round the extreme SE. termination, 
I ascended only a few points, which were composed of 
a fine-grained gneiss, almost composed of feldspar with 
a little mica, and passing in the upper parts of the 
hills into a rather compact purplish-clay state. The 
cleavage was nearly vertical, striking in a NW. by W. 
and SE. by E. line, nearly, thougli not quite, coinci- 
dent with the direction of the parallel ridges. 

The Sierra Ventana lies close south of that of Guitru- 
gueyu ; it is remarkable from attaining a height, very 

M. d’Orbigny’s ‘ V oyuf^e, Pjirt, G^olog/ p. 46. I have given a short 
account of the pecnliiir forms of tho quartz hills of Tapalguen, so iin- 
ttsual in a metamorphic formation, in my ‘ Journal of Eosearches * {2nd 
^t) p, 116. 
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unusual on this side of the continent, of 3,340 feet. It 
consists up to its summit, of quartz, generally pure and 
white, hut sometimes reddish, and divided into thick 
laminae or strata : in one part there is a little glossy 
clay-slate with a tortuous cleavage. The thick layers 
of quartz strike in a W. 30° N. line, dipping southerly 
at an angle of 45° and upwards. Tlio principal line of 
mountains, with some quite subordinate parallel ridges, 
range about W. 45° N. : but at their SE. termination, 
only W, 25° N. This Sierra is said to extend between 
twenty and thirty leagues into the interior. 

Patagonia , — With the exception perhaps of the 
hill of S. Antonio (600 feet high) in tlie Gulf of S. 
Matias, which has never been visited by a geologist, 
crystalline rocks are not met with on tlie coast of Pata- 
gonia for a space of 380 miles south of the S. Ventana. 
At this point (lat. 43° 50'), at Points Union and Tombo, 
plutonic rocks are said to appear, and are found, at 
rather wide intervals, beneath tlie Patagonian tertiary 
formation for a space of about 300 miles southward, to 
near Bird Island, in lat. 48° 56'. Judging from speci- 
mens kindly collected for me by ilr. Stokes, the pre- 
vailing rock at Ports St. Elena, Cameroues, Malaspina, 
and as far south as the Paps of Pineda, is a purplish- 
pink or brownish claystone porphyry, sometimes la- 
minated, sometimes slightly vesicular, with crystals of 
opaque feldspar and with a few grains of quartz ; hence 
these porphyries resemble those immediately to be des- 
cribed at Port Desire, and likewise a series which I have 
seen from P. Alegre on the southern confines of Brazil* 
This porphyritic formation further resembles in a 
singularly close manner the lowest stratified formation 
of the Cordillera of Chile, which, as we shall hereafter 
see, has a vast range, and attains a great thickness* 
At the bottom of the Gulf of St* George, only tertiary 
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deposits appear to be present. At Cape Blanco, there 
is quartz rock, very like that of the Falkland Islands, 
and some hard, blue, siliceous clay-slate. 

At Port Desire there is an extensive formation of 
the claystone porphyry, stretching at least twenty-five 
miles into the interior : it has been denuded and deeply 
worn into gullies before being covered up by the ter- 
tiary deposits, through which it here and there projects 
in hills; those north of the bay being 440 feet in 
height. The * strata have in several places been tilted 
at small angles, generally (dther to NNW. or SSE. 
By gradual passages and alternations, tlie porphyries 
change incessantly in nature. I will describe only 
some of the principal mineralogical changes, which are 
highly instructive, and which I carefully examined. 
The prevailing rock lias a compact purplish 1)ase, with 
crystals of earthy or opatpie feldspar, and of Um with grains 
of quartz. There are other varieties, with an almost truly 
trachytic base, full of little angular vesicles and crystals 
of glassy feldspar : and there are beds of black perfect 
pitcbstone, as well as of a concretionary imperfect 
variety. On a casual inspection, the whole series would 
be thought to he of the same plutonic or volcanic 
nature with the tracliytic varieties and pitchstone ; but 
tliis is far from being the case, as much of the por}>hyiy 
is certainly of metamorphic origin. Besides^ the true 
porphyries, there are many beds of earthy, quite wliite 
or yellowish, friable, easily fusible matter, resembling 
chalk, which under the microscope is seen to consist of 
minute broken ciystaLs, and which, as remarked in a 
former chapter, singularly resembles t lie upper tufaceous 
beds of the Patagonian tertiary formation. This earthy 
substance often becomes coarser, and contains minute 
roimded fragments of porphyries and rounded grains of 
quartz, and in one case so many of the latter as to 
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resemble a common sandstone* These beds are sometimes 
marked with true lines of aqueous deposition, separat- 
ing particles of different degrees of coarseness ; in other 
eases there are parallel ferruginous lines not of true 
deposition, as shown by the arraiige^nent of the par- 
ticles, though singularly resembling them* The more 
indurated varieties often include many small and some 
lai'ger angular cavities, which appear due to the re- 
moval of earthy matter : some varieties contain mica. 
All these earthy and generally white stones insensibly 
pass into more indurated sonorous varieties, breaking 
with a conchoidal fracture, yet of small specific gravity; 
many of these latter varieties assume a pale purple tint, 
being singularly banded and veined with different shades, 
and often Ix'come plainly porphyritic with crystals of 
feldspar* The formation of these crystals could be 
most clearly traced by minute angular and often par- 
tially hollow patches of earthy matter, first assuming a 
fibrous sirvdv/re^ then passing into opaque imperfectly 
shaped crystals, and lastly, into ])erfect glassy “crystals* 
When these crystals have appeared, and when the 
basis has become compact, the rode in many places 
could not be distinguished from a true claystone por- 
phyry without a trace of mechanical structure. 

In some parts, these earthy or tufaceous beds pass 
into jaspery and into beautifully mottled and banded 
porcelain rocks, which break into splinters, translucent 
at their edges, hard enough to scratch glass, and fusible 
into white transparent beads ; grains of quartz Included 
in the porcelainous varieties can be seen melting into 
the surrounding paste. In other parts, the earthy or 
tufaceous beds either insensibly pass into, or alternate 
with, breccias composed of large and small fragments 
of various purplish porphyiies, with the matrix gene- 
rally porphyritic; these breccias, though their sub- 
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aqueoias origin is in many places shown both by the 
arrangement of their smaller particles and by an oblique 
or current lamination, also pass into porphyries, in 
which every trace of mechanical origin and stratifica- 
tion has been obliterated* 

Some highly porphyritic though coarse-grained 
masses, c\ddeutly of sedimentary origin, and divided 
into thin layers, differing from eacii other chiefly in 
the number of embedded grains of (]uartz, interested 
me much from the peculiar manner in which here and 
there some of the layers terminated in abrupt points, 
quite unlike those pi'odiiced by a layer of sediment 
naturally thinning out, and apparently tlie result of a 
subsequent process of metamorphic aggregation* In 
another common variety of a finer texture, the aggre- 
gating process had gone further, for the whole mass 
consisted of quite short, parallel, often slightly curved 
layers or patches, of whitish or reddish finely graiiulo- 
crystalline feldspathic matter, generally terminating at 
both ends in blunt points ; these layers or patclies fur- 
ther tended to pass into wedge or almond sliaped little 
masses, and tlicsc? finally into true crystals of ftddspar, 
with their centres often slightly drusy* The scries was 
so perfect that I could not doubt that these large 
crystals, which had Iheir longer axes placed parallel to 
each other, had primarily originated in the metamor- 
phosis and aggregation of alternating lay(irs of tuff ; 
and hence their parallel position must be attributed 
(unexpected though the conclusion may bo), not to 
laws of chemical action, but to the original planes of 
deposition. I am tempted briefly to describe three 
other singular allied varieties of rock ; the first with- 
out examination would have passed for a stratified 
porphyritic breccia, but all the included angular frag- 
ments consisted of a border of pinkish crystalline felds- 
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pathic matter, surrounding a dark translucent siliceous 
centre, in which grains of quartz not quite blended 
into the paste could be distinguished : this uniformity 
in the nature of the fragments shows that they are not 
of meclianical, but of concretionary origin, having re- 
sulted perhaps from the self-breaking up and aggrega- 
tion of layers of indurated tuff containing numerous 
grains of quartz, — into which, indeed, the w^hole mass 
in one part passed. The second variety is a reddish 
non-porphyritic claystone, quite full of spherical 
cavities, about luilf an inch in (Hnrneter, each lined with 
a collapsed crust formed of crystals of quartz. The 
third variety also consists of a pale purple non-porphy- 
ritic claystone, alniost wholly formed of concretionary 
balls, obscurely arranged in layors, of a less compact 
and paler coloured claystone ; eacli ball being on one 
side partly hollow and lined with crystals of quartz. 

Pseudo-Dikes . — Some miles up the liarbour, in a 
line of cliffs formed of slightly metamorphosed tuface- 
ous and porphyritic claystone beds, 1 observed throe 
vertical dikes, so closely resembling in general appear- 
ance ordinary volcanic dikes, that I did not doubt, 
until closely examining tbeir composition, that they 
had been injected from below. The tirst is straight, 
with parallel si(lt‘s, and about four feet wide ; it con- 
sists of whitish, indurated tufaceous matter, precisely 
like some of the beds intersected by it. The second 
dike is more remarkable ; it is sliglilly toitiious, about 
eigliteen inches thick, and can be traced fot a con- 
siderable distance along the beach ; it is of a purplish- 
red or brown colour, and is formed chiefly of rounded 
grains of quartz, with broken crystals of earthy feld- 
spar, scales of black mica, and minute fragments of 
claystone porphyry, all firmly united together in a hard 
sparing base. The structure of this dike shows obviously 
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that it is of mechanical and sedimentary origin ; yet it 
thinned out upwards, and did not cut through the 
uppermost strata in the cliffs. This fact at first appears 
to indicate that the matter could not have been washed 
in from above; ^ but if we reflect on the suction which 
would result from a deep-seated fissure being formed^ 
we may admit that if tlie fissure were in any part open 
to the smtace, mud and water might well be drawn 
into it along its whole course. The third dike consisted 
of a hard, rough, white rock, almost composed of broken 
crystals of glassy feldspar, with nunj(Tous scales of black 
mica, cemented in a scanty base ; 1 here was little in 
the appearance of this rock, to preclude the idea of its 
having been a true injected feJdsy)athic dike. The 
matter composing these three pseudo-dikes, especially 
the second one, appears to liave suffenid, like the sur- 
rounding strata, a certain degree of metamorpliic 
action; and this has much aided the deceptive appear- 
ance. At Bahia, in Brazil, we hav(i seen tliat a true 
injected hornblendic dike, not only has suliered meta- 
morphosis, but has })een dislocated and C‘Yen diffused 
in the surrounding gneiss, under the form of separate 
crystals and of fragments. 

FaJkhiyid Idands, — I have described these islands 
in a paper published in the third volume of the ^ Geo- 
logical J ournal.’ The mountain-ridges (*onsist of quartz, 
and the lower country of chiy-slate and sandstone, the 
latter containing pakiozoic fossils. These fossils have 
been separately described by Messrs. Morris and Sharpe : 
some of them resemlde Silurian, and others Devonian 
forms. In the eastern part of the group the several 
parallel ridges of quartz extend in a west raid east line ; 

^ Upfillfid fiKSiires are known to occur Lotli in volcanic and in 
ordinary fiedimentary ^ formationH. At tho Galapagos Archipelago 
(see Chapter Y. of this work), there are some striking examples of 
psendo-dikes composed of hard tuff. 
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but farther westward the line becomes WlfW. and ESE*, 
and even still more northerly. The cleavage-planes of 
the clay-slate are highly inclined, generally at an angle 
of above 50"^, and often vertical ; they strike almost 
invariably in the same direction with the quartz ranges. 
The outline of the indented shores of the two main 
islands, and the relative positions of the smaller islets, 
accord with the strike both of the main axes of elevation 
and of the cleavage of the clay-slate.. 

Tierra del Fa ego . — My notes on the geology of 
this country are copious, but as they are unimportant, 
and as fossils were found only in one district, a brief 
sketch will ])e here sufficient. The east coast £r<^m the 
Straits of Magellan (where the boulder formation is 
largely develop(^d') to St. Poly carp’s Pay is formed of 
horizontal tertiary sti'ata, bourn UmI some way towards 
the interior by a broad mountainous band of clay-slate. 
Iliis groat clay-slate formation extends from St. Lc 
Maire westward fur 140 miles, along both sides of the 
Beagle Channel to near its bifurcation. South of this 
channel, it forms all Navarin Island, and the eash^rn 
half of Hoste Island and of Hardy Peninsula ; north of 
the Beagle Channel it extends in a north-west line on 
both sides of Admiralty Sound to Ihamswick Peninsula 
iu the Straits of Magellan, and I have reason to believe, 
stretches far up the eastern side of tlie Cordillera. The 
western and broken side of Tierra del Fuego towards 
the Pacific is formed of motamorphic schists, granite 
and various trappean rocks : tlie line of sepa^^ation be- 
tween the crystalline and clay-slate formations can 
generally be distinguished, as remarked by Captain 
King,' by the parallelism in the clay-slate districts of 
the shores and channels, ranging in a line between 
[W. 20" to 40" N.] and [E. 20" to 40" S.]. 

^ ‘Ooographical Journalf vol, i. p. 155. 
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Tlie clay-^late is generally fissile, sometimes siliceous 
or ferruginous, with veins of quartz and calcareous 
spar ; it often assumes, especially on the loftier moun- 
tains, an altered feldspathic character, passing into 
teldspathic porphyry : occasionally it is associated with 
breccia and grauwacke. At Good Success Bay, there 
is a little intercalated bhwtk crystalline limestone. At 
Port Famine much of the clay-slate is calcareous, and 
passes either into, a mudstone or into grauwacke, in- 
cluding odd-shaped concretions of dark nrgillacoous 
limestone. Here alone, on the shore a few miles north 
of Port Famine, and on the summit of IMount Tarn 
(2,600 feet high), I found organic remains; they con- 
sist of : — 

1. Ancyloceras simplex, d’Orbig. ‘ Pal Praiic.’ (PI. V. f. 2) Mount Tarn. 

2. Fusuft (in imporiVet st.'itc) do. 

3. Niitica do. do, 

4. Pontacrimus do. do. 

0 . Lueina excentrica, G. 13. Sowerby (PL V. Hg. 21), Port Fiimhio. 

C. Venus dn imperfect state) do. 

7. Tiirbiiiolia ? do. do. 

3. Ilumites elatior, G. Pi. I'^'owcrby, do. 

Mrf d’Orbiguy states ^ that MM. llombron and 
Grange found in this neighbourhood an Aiicyloceras, 
perhaps A, an Ammonite, a Plicatula and 

Modiola. M. d’Orbigny believes from the general 
charnct<^r of these fossils, and from the Ancyloceras 
being identical (as far as its imperfect condition allows 
of comparison) with the A. simplex of Europe, that 
the formation belongs to an early stage of the Cretaceous 
system. Professor K, f^'orbes, judging only from my 
specimens, coaicurs in the probability of this conclusion. 
The Hamites elafior of the above list, of which a des- 
cription is given by Mr. SoAverby in the Appendix, and 
which is remarkable from its large size, has not been 


* * Voyage, Part. Geolog.’ p. 242. 
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seen either by M. d’Orbigny or Professor E, Forbes, as, 
since my return to England, the specimens have been 
lost. The great clay-slate formation of Tierra del Fiiego 
being cretaceous, is certainly a very interesting fact, — 
whether we consider the appearance of the co\mtry, 
which, without the evidence afforded by the fossils, 
would form the analogy of most knovna districts, pro- 
bably have been considered as belonging to the Palaeo- 
zoic series, — or whether we view it as showing that the 
age of this terminal portion of tlie great axis of South 
America, is tlm same (as will lun-eafter be seen) with 
the Cordillera of Chile and Peru. 

The clay-slate in many parts of Tiei’ra del Fuego, 
is broken by dikes ^ and by great masses of greenstone, 
often highly hornblendic : almosi all the small islets 
within tlie clay-slate districts are fhiis composed. The 
slate nc^ar the dikes generally becomes paler-coloured, 
harder, less fissile, of a feldspathie nature, and passes 
into a porphyry or greenstone : in one case, liowever, 
it hoitiiimi more fissile, of a red colour, and contained 
miniite scales of mica, which were absent in the un- 
altered rock. On the east side of Ponsonby Sound, 
some dikes composed of a pale sonorous feldspathie 
rock, porphyritic with a little feldspar, were remarkable 
from their number, — there being within tlie space of a 
mile at least one hundred, — from their nearly equalling 
in bulk tlie intermediate slate, — and more especially 
from the exc^essive fineness (like the finest inlaid car- 
pentry) and perfect parallelism of their junettens with 
the almost vertical laminao of clay-slate. I was unable 
to persuade myself that these gimt parallel masses had 
been injected, until I found one dike which abruptly 

’ In H groeiistoiie-cliko in tho Magdnlen Chanin'l, tho feld^ipar 
cleav(xi with the angle of alhite. This dike was crossed, as well as the 
surrounding slate, by a largo vein of quartz, a circumstance of unusurd 
occurrence. 
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tMimed out to half its thickness, and had one of its 
walls jagged, with fragments of the slate embedded 
in it. 

In southern T. del Fuego, the clay-slate towards 
its SW. boundary, becomes much altered and feld- 
spathic. Thus on Wollaston Island slate and graiiwacke 
can be distinctly traced passing into feldspathic rocks 
and greenstones, including iron pyrites and epidote, 
but still retaining traces of cleavage with the usual 
strike and dip. One such metamorphosed mass was 
traversed by Inrge vein-like masses of a beautiful 
mixture (as ascertained by Professor Miller) of green 
epidote, garnets, and white calcai’eoiis spar. On the 
northern point of this same island, there were various 
ancient submarine volcanic rocks, consisting of amyg- 
daloids with dark bole* and agate, — of basalt with 
decomposed olivine, — of compact lava with glassy 
feldspar, — and of a coarse conglomerate; of red scoriae, 
parts being ainygdaloidal with carbonate of linu^. The 
southern part of Wollaston Island and the whole of 
Hermite and Horn Islands, seem formed of cones of 
gi'censtone: the outlying islets of II Defenso and D. 
Paniinez are said' to consist of porphyritic lava. In 
'Crossing Hardy Peninsula., the slate still retaining 
traci‘s of its usual cleavage, passes into columnar feld- 
spathic rocks, wiiicli are succeeded ])yan irregular tract 
of trappean and basaltic rocks, containing glassy feld- 
spar and much ii-on pyrites : there is, also, some harsh 
red claystone porpliyry, and an almost true trachyte, 
with iK^edles of hornblende, and in one spot a curious 
jskty rock divided into quadrangular columns, having 
a base almost like trachyte, with drusy cavities lined 
by crystals, too imperfect, according to Professor Miller, 


^ Determined by Profeasor Jameson. Weddeirs ‘Voyage,’ p. 169. 
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to be measured, but resembling Zeagonite.^ In the 
midst of these singular rocks, no doubt of ancient sub- 
marine volcanic origin, a high hill of feldspathic clay- 
slate projected, retaining its usual cleavage. Near this 
point, there was a small hillock, having the aspect of 
granite, hut formed of white albite, brilliant crystals of 
hornblende (both ascertained by tlie reflecting gonio- 
meter) and mica; but with no quartz. No recent 
volcanic district has been observed in any part of Tierra 
del Fue^go. 

Five inih^s west of the bifurcation of the Beagle 
Channel, the slate-formation, instead of becoming, as 
in the more southern parts of Tierra del Fiiego, feld- 
spathic, and associated with trappean or old volcanic 
rocks, passes by alternations into a great imdeiiying 
mass of fin(‘ gneiss and glossy clay-slate, which at no 
great distance is succeeded by a grand formation of 
mica-slate containing garnets. The folia of these 
metamorphic scl lists strike parallel to the cleavage- 
planes of the clay-slate, which have a very uniform 
direction over the whole of this part of the country : 
the folia, however, are unduiatory and tortuous, whilst 
the cloavagc'-lamina^ of the slate are straight. These 
schists compose tln^ chief mount ain-chain of southern 
T. del Fuego, ranging along the north side of the north- 
ern arm of the Beagle Channel, in a short WNW. 
and ESE. line, witli two points (Mounts Sarmiento and 
Darwin) rising to heights of 6,800 and 6,900 feet. 
On the south-western side of this northern arm of the 
Beagle Channel, the clay-slate is seen with its strata 
dipping from the gTcat chain, so that the metamorphic 
schists here form a ridge bordered on each side by clay- 
slate. Farther north, however, to the west of this 

* See JVljr. nrooke’s Puper in thp ‘London Mag.’ vol. x. TIii» 
miuend occurs in an ancient volcanic rock near Pome, 
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great range, there is no clay-slate, but only gneiss, mica, 
nnd hornblendic slates, resting on great barren hills of 
true granite, and forming a tract about sixty miles in 
width. Again, westward of these rocks, the outermost 
islands are of trappean formation, which, from informa- 
tion obtained during the voyages of the ^ Adventure ’ 
and ^ Beagle,’ ^ seem, together with granite, chiefly to 
prevail along the western coast as far north as the en- 
trance of the 8t. of Magellan ; a little more inland, on 
the eastern side of Clarence Island and S. Desolation, 
granite, greenstone, mica-slate, and gneiss appear to 
predominate. I am tempted to believe, that where the 
clay-slate has been metamorphosed at great depths 
beneath the surface, gueiss, mica-slate, and otlier allied 
rocks have been formed, but where the action has taken 
place nearer the surface, feldspathic porphyries, green- 
stones, etc., have resulted, often accompanied by sub- 
marine volcanic eruptions. 

Only one other rock, met with in both arms of the 
Beagle Channel, deserves any notice, namely a granulo- 
crystalline mixture of white albite, black hornlflende 
(asc(u*taiiied })y measurement of the crystals, and con- 
firmed by Professor Miller), and more or less of brown 
mica, ]>ut without any quartz. This rock occurs in 
large masses, closely resembling in external form 
granite or syenite : in the southern arm of the Channel, 
one such mass undcnlies the mica-slate, on which clay- 
slate was superimposed: this peculiar plutonic rock 
which, as we have seen, occurs also in Hardy Peninsula, 
is interesting, from its perfect similarity with that 
(hereafter often to be referred to under the name of 

^ Hee the Paper by Oapt. King, in the ^ Geograph. Journal abo 
a Letter to Dr. Pitlon in ‘ Gf-olog. Proc.,* vol. i. p. 29; also sonio oh- 
serrations by Capt. .FitzRoy, ‘Voyages/ vol.i. p. 376. I am indebted 
«»lso to IWr. Lyell.fbr a series of specimens collected by Lieut. Graves. 
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«iiidesite) forming the great injected axes of the Cordil- 
lera of Chile, 

The stratification of the clay-slate is generally very 
obscure, whereas the cleavage is remarkably well defined: 
to begin with the extreme eastern parts of T. del Fuego ; 
the cleavage-planes near the St. of Le Maire strike 
•either W. and E. or WSW. and ENE., and are highly 
inclined ; the form of the land, including Staten Island, 
indicates that the axes of elevation have run in this 
flame linc^, though I was unable to distinguish the planes 
of stratification. Proceeding westward, I accurately 
examined the cleavage of the clay-slate on the northern, 
eastern, and western sides (thirty-five miles apart) of 
Navariii Island, and everywhere found tlie laminae 
ranging with extreme regularity, WNW. and ESE., 
seldom varying more than one point of the compass 
from this direction.^ Both on the east and west coasts, 
I <5rossed at right-angles the cleavage-planes for a space 
of about eight miles, and found tliem dipping at an 
angle of between 45° and 90°, generally to SSW., 
sometimes to NNE., and often quite vertically. The 
SSW, dip was occasionally succeeded abruptly by a 
NNE. dip, and this by a vertical cleavage, or again by 
the SSW. dip ; as in a lofty cliff on the eastern end of 
the island the lamiuie of slate were seen to be folded 
into very large steep curves, ranging in the usual WNW. 
line, I suspect that the varying and opposite dips may 
possibly be accounted for by the cleavage-laminse, 
though to tl)e eye appearing straight, being parts 
of large abrupt curves, with their summits cut off and 
worn down. 

In several places I was particularly struck with the 

^ The clay-slate in this island wtis in many places crossed by paral- 
lel smooth joints. Out of five cases, the angle of intersection between 
the strike of tliese joints and that of the cleavago-laminee was in two 
•^es 46® and in two others 79®. 
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fact, that the fine laminae of the clay-slate, where cut- 
ting straight through the bands of stratification, and 
therefore indisputably true cleavage-planes, diflfered 
slightly in their greyish and greenish tints of colour, in 
compactness, and in some of the laminae La\'ing a rather 
more jaspery appearance than others. I have not seen 
this fact recorded, and it appears to me important, for 
it shows that the same cause which has produced the 
highly fissile structure, has aliened in a slight degree 
the mineralogical character of the rock in tlie same 
planes. Tlie bands of stratification, just alluded to, 
can be distinguished in many places, especially in 
Navarin Island, but only on the weathered surfaces of 
the slate ; they consist of slightly undulatory zones of 
different shades of colour and of thicknesses, and re- 
semble the marks (more closely than anything else 
to which 1 can comparci them) left on the inside of a 
vessel by the draining away of some dirty slightly 
agitated liquor: no difierence in composition, corre- 
sponding with these zones, could be seen in freshly 
fractured sui'faces. In the more level parts of 
Navarin Island, these hands of stratification were 
nearly horizontal ; hut on the flanks of the mountains 
they were inclined from them, but in no instance that 
I saw at a very high angle. There can. 1 think, he no 
doubt that these zones, which appear only on the 
weathered surfaces, are the last vestiges of thci ori- 
ginal planes of stratification, now almost obliterated 
by the liiglily fissile and altered structure which the 
mass has assumed. 

The clay-slate cleaves in the same WNW. and ESE, 
direction, as on Navarin Island, on both sides of the 
Beagle Channel, on the eastern side of Hostc Island, on 
the NE. side of Hardy Peninsula, and on the northern 
point of Wollaston Island; although in these two 
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latter localities the cleavage has been much obscured 
by the metamorphosed and feldspatluc condition of the 
slate. Within the area of these several islands, in- 
cluding Navarin Island, the direction of the stratifica- 
tion and of the mountain-chains is very obscure ; though 
the mountains in several places appeared to range in 
the same WNW. line with the cleavage : the outline 
of the coast, however, does not correspond with this 
line. Near the bifurcation of the Beagle Channel, 
where the underlying ra'etamorphic schists are first seen, 
they are foliated (with some irregularities), in this same 
WNW. line, and parallel, as before stated, to the main 
mountain-axis of this part of the country. Westward 
of this main range, the metamorphic schists are foliated, 
though less plainly, in the same direction, which is 
likewise common to the zone of old erupted trappean 
rocks, forming the outermost islets. Hence the area, 
over which the cleavage of the slater and the foliation of 
the metamorphic schists extends witli an average WNW* 
and ESE. strike, is about forty miles in a. north and 
south line, and ninety miles in an (‘asi. and west line. 

Further northward, near Port Famine, the stmtifi- 
cation of the clay-slate and of the associated rocks, is 
well defined, and there alone the cleavage and strata- 
planes are parallel. A little north of this port there is' 
an anticlinal axis ranging NW. (or a lit tle more westerly ) 
and SE, : south of the port, as far as Admiralty Sound 
and Grahriel Channel, the outline of the land clearly 
indicates the existence of several lines of elevation in 
this same NW, direction, which, I may add, is so uni- 
form in the western half of the St. of Magellan, that^ 
as Captain King ' has remarked, ^ a parallel ruler placed 
on the map upon the projecting points of the south 
shoi^, and extended across the strait, will also touch 
* ‘ Geograph. Journal/ vol. i. p. 370. 
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the headlands on the opposite coast.’ It would appear, 
from Captain King’s observations, that over all this 
area the cleavage extends in the same line. Deep-water 
channels, however, in all parts of Tierra del Fuego 
have burst through the trammels both of stratification 
and cleavage ; most of them may have been formed during 
the elevation of the land by long-continued erosion, 
but others, for instance the Beagle Channel, which 
stretches like a narrow canal for 120 miles obliquely 
through the mountains, can hardly have thus origi- 
nated. 

Finally, we have seen that in the extreme eastern 
point of Tierra del Fuego, the cleavage and coast-lines 
extend W. and E. and even WSW. and ENE. : over a 
large area westward, the cleavage, the main range of 
mountains, and some subordinate ranges, but not the 
outlines of the coast, strike and ESE. ; in the 

central and western parts of the Strait of Magellan, the 
stratification, the mountain-ranges, the outlines of the 
coast, and the cleavage all strike nearly NW. and SE. 
North of the strait, the outline of the coast, and the 
mountains on the mainland, run nearly north and 
south. Hence we see, at this southern point of the 
continent, how gradually the Cordillera bend, from 
tbeir north and south coiurse of so many thousand miles 
in length, into an E. and even ENE. direction. 

West Coasts from the Southern Chonos Islands to 
Northern Chile,— The first place at which we landed 
north of the St. of Magellan was near Cape Tres Montes, 
in lat. 47° S. Between this point and the northern Chonos 
Islands, a distance of 200 miles, the ‘ Beagle ’ visited 
several points, and specimens were collected for me 
from the intermediate spaces by Lieut. Stokes. The 
predominant rock is micar-slate, with thick foUa of 
quartz, very frequently alternating with and passing 
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into a chloritic, or into a black, glossy, often striated, 
slightly anthracitic schist, whicli soils paper, and be- 
comes white under a great heat, and then fuses* Thin 
layers of feldspar, swelling at intervals into well crystal- 
lised kernels, are sometimes included in these black 
schists ; and I observed one mass of the ordinary black 
variety insensibly lose its fissile structure, and pass into a 
singular mixture of chlorite, epidote, feldspar, and mica. 
Great veins of quartz are numerous in the mica-schist ; 
wherever these occur the folia are much convoluted. 
In the southern pait of the Peninsula of Tres Montes, 
a compact altered feldspathie rock witJi crystals of 
feldspar and grains of quartz is the commonest variety ; 
this rock* exhibits occasionally traces of an original 
brecciated structure, and often presents (like the altered 
state of Tierra del Fuego) traces of cleavage-planes, 
which strike in the same direction with the folia of 
mica-schist farther northward. At Inchemo Island, a 
similar rock gradually becomes granulo-crystalline and 
acquires scales of mica ; and this variety at S. Estevan 
becomes highly laminated, and though still exhibiting 
some rounded gTains of quartz, passes into the black, 
glossy, slightly antliracitic schist, which, as we have 
seen, repeatedly alternates with and passes into the 
micaceous and chloritic schists. Hence all the rocks 
on this line of coast belong to one series, and insensibly 
vary from an altered feldspathie clay-slate into largely 
foliated, true mica-schist. 

The cleavage of the homogeneous schists, the folia- 
tion of those composed of more or less distinct minerals 
in layers, and the planes of alternation of the different 
varieties or so-called stratification, are all parallel and 

’ The peculiar, abruptly couical form of the hills in this ueighhour- 
hood, would have led any om at first to have supposed that they had 
been formed of injected or intrusive rocks. 

o o 2 
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preserve over this 200 miles of coast a remarkable 
degree of uniformity in direction. At the northern 
end of the group, at Low’s Harbour, the well-defined 
folia of mica-schist everywhere ranged within eight 
degrees (or less than one point of the compass) of 
N. 19*^ W. and S. 19^" E. ; and even the point of dip 
varied very little, being always directed to the west and 
generally at an angle of forty degrees : I should mention 
that I had here good opportunities of observation, for I 
followed the naked rock on the beach, transversely to 
the strike, for a distance of four miles and a half, and 
all the way attended to the dip. Along tlie outer islands 
for 100 miles south of Low’s Harbour, Lieutenant Stokes^ 
during his boat-survey, kindly observed for me the strike 
of the foliation, and ]ic assures me that it was invariably 
northerly, and the dip with one single exception to the 
west. Farther soutli at Vallenar Bay, the strike was 
almost universally N. 25® W. and the dip, generally at 
an angle of about 40® to W. 25® S., but in some places 
almost vertical. Still farther south, in the neighbour- 
hood of tlie harbours of Anna Pink, S. Estevan, and S. 
Andres, and (judging from a distance) along the southern 
part of Tres Montes, the foliation and ch'avage extended 
in a line between [N. 11° to 22® ^¥.] and [S. 11® to 
22® PI.] ; and the planes dipped generally westerly, but 
often easterly, at angles varying from a gentle inclina- 
tion to vertical. At A. Pink’s Harbour, where the 
schists generably dipped easterly, wherever the angle 
became high, the strike changed from N. 11® W. to 
even as much as N, 45® W. ; in an analogous manner 
at Vallenar Bay, where the dip was westerly (viz. on an 
average directed to W. 25® S.), as soon as the angle 
became very high, the planes struck in a line more 
than 25® west of north. The average result from all 
the observations on tliis 200 miles of coast, is a strike of 
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N. 19'^ W. and S. 19® E. : considering that in each 
specified place my examination extended over an area 
of several miles, and that Lieut. Stokes’ observations 
apply to a length of 100 miles, I think this remarkable 
uniformity is pretty well established. The prevalence, 
throughout the nortlieni half ot this line of coast, of a 
dip in one direction, that is to the west, instead of being 
sometimes west and sometimes east, is, judging from 
what I have elsewhere seen, an unusual circumstance. 
In Brazil, lia Plata, the Falkland Islands, and Tierra 
del Fuego, there is generally an obvious relation be- 
tween the axes of elevation, the outline of the coast, 
and tlie strike of the cleavage or foliation : in the 
Chonos Archipelago, however, ncitlier the minor details 
of the coasidine nor tlie chain of the Cordillera, nor 
the subordinate tj*aiisv(u’,se mountain-axes, accord with 
the strike of the foliation and cleavage : the seaward 
face of the numerous islands comiiosing this archi- 
pelago, and apparently the line of the Cordillera, range 
N. 1 1° E., whereas, as we have just seen, the average 
strike of the foliation is N. 19® W. 

There is one interesting exception to the uniformity 
in the strike of the foliation. At the northern point 
of Tres Montes (lat. 45® 52') a bold chain of granite^ 
between 2,000 and 3,000 feet in height, runs from the 
coast far into the interior,^ in a ESE. line, or more 
strictly E, 28® S. and \V, 28® N. In a bay, at the north- 
ern foot of this range, there are a few islets of « mica- 
slate, with the foUa in some parts horizontal, 1)ut mostly 
inclined at an average angle of 20® to the north. On 
the northern steep flank of the range, there are a few 
patches (some quite isolated, and not larger than half-ar 

^ In the distance, other mountains could bo seen apparently ranging 
and SSW. at right angles to this one. I may add, that not far 
from Vallenar Bay there is a fine range, apparently of granite, which 
has burst through the mica-slate in a BE. by E. and'SW. by IS. line. 
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crown I) of the mica-schist, foliated with the same 
northerly dip. On the broad summit, as far as the 
southern crest, there is much mica-slate, in some places 
even 400 feet in thickness, with the folia all dipping 
north, at angles varying from 5® to 20®, but sometimes 
mounting up to 30®. The southern flank consists of 
bare granite. The mica-slate is penetrated by small 
veins* of granite, branching from the main body. 
Leaving out of view the prevalent strike of the folia in 
other parts of this archipelago, it might have been 
expected that here they would have dipped N. 28® E., 
that is directly from the ridge, and, considering its 
abruptness, at a high inclination ; but the reiil dip, as 
we have just seen, both at the foot and on the northern 
flank, and over the entire summit, is at a small angle^ 
and directed nearly due north. From these considera- 
tions it occurred to me, that perhaps we here had the 
novel and curious case of already inclined laminas 
obliquely tilted at a subsequent period by the granitic 
axis. Mr. Hopkins, so well known from his mathe- 
matical investigations, has most kindly calculated the 
problem : the proposition sent was, — take a district 
composed of laminae, dipping at an angle of 40® to^ 
W. 19® S., and let an axis of elevation traverse it in an 
E. 28® S. line, what will the position of the laminae be 
on the northern flank after a tilt, we will first suppose,, 
of 45® ? IVIr. Hopkins informs me, that the angle of 
the dip will be 28® 31', and its direction to north. 
30® 33' west.® By varying the supposed angle of the 

^ The granite within those yoins, as well as gonerally at the junction 
with the mica-slate, is more quartzoso than elsewhere. The granite, I 
may add, is traversed by dikes running for a very great len^h in the 
line of the mountains; they are composed of a somewhat laminated 
eurite, containing crystals of feldspar, hornblende, and octagons of quartz. 

* On the south side of the axis (where, however, J did not see any 
mica-slate) the dip of the folia would be at an angle of 77^ 57)', directed ta 
west 35® 33' south. Hence the two points of dip on the opposite sides 
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tilt, our previously inclined folia can be thrown into 
any angle between 26®, which is the least possible angle, 
and 90° ; but if a small inclination be thus given to 
them, their point of dip will depart far from the north, 
and therefore not accord with the actual position of the 
folia of mica-Hchist on our granitic range. Hence it ap- 
pears very difficult, without varying considerably the ele- 
ments of the problem, thus to explain the anomalous strike 
and dip of the foliated mica-schist, especially in those 
parts, namely, at the base of the range, where tlie folia 
are almost liorizontal, Mr. Hopkins, however, adds, 
that great irregularities and lateral thrusts might be 
expected in every great line of elevation, and that these 
would account for considerable deviations from the 
calculated I'esults : considering that the granitic axis, 
as shown by the veins, has indisputably been injected 
after the perfect fonnation of the mica-slate, and con- 
sidering the uniformity of the strike of the folia through- 
out the rest of the archipelago, I cannot but still think 
that their anomalous position at this one point is some- 
way directly and mechanically related to the intrusion 
of this WNW. and ESE. mountain-chain of granite. 

Dikes are fre<]uent in the metamorphic schists of the 
Chonos Islands, and seem feebly to represent that great 
band of trappean and ancient volcanic rocks on the 
south-western coast of T. del Fuego. At S. Andres I 
observed in the space of half-a-mile, seven broad, parallel 
dikes, composed of three varieties of trap, nmniigg in a 
NW. and SE. line, parallel to the neighbouring moun- 
tain-ranges of altered clay-slate ; but they must be of 
long subsequent origin to these mountains ; for they 
intersected the volcanic formation described in the last 
chapter. North of Tres Montes, I noticed three dikes 

of the range, instead of being as in ordinary cases directly opposed to 
each other at an angle of 180°, would here be only 86° 60' apart 
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differing from eaeh other in composition, one of them 
having an euritic base including large octagons of 
quartz ; these dikes, as well as several of porphyritic 
greenstone at Vallenar Bay, extended NE. and SW., 
nearly at right angles to the foliation of the schists, 
but in the line of their joints. At Low’s Harbour, 
however, a set of great parallel dikes, one ninety yards 
and another sixty yards in wddtb, ha\'e been guided by 
the foliation of the mica-schist, and lienee are inclined 
westward at an angle of 45° : these dikes are formed of 
various porphyritic traps, some of which are remarkable 
from containing numerous rounded grains of quartz, 
A porphyritic trap of this latter kind, passed in one of 
the dikes into a most curious horns! one, perfectly white, 
with a w’axy fracture and pellucid edges, fusible, and 
containing many grains of (|uartz and specks of iron 
pyrites. In the ninety yard dike several large, appa- 
rently now cpiite isolated, fragments of mica-slate were 
embedded ; but as iheir foliation wns exactly parallel 
to that of the surrounding solid rock, no doubt these 
now separate fragments originally formed vredge-shaped 
depending portions of a continuous vault or crust, 
once extending over the dike, but since \vorn clown and 
denuded, 

Ghiloe^ Valdivia., Concepcion . — In Chiloe, a great 
formation of mica-schist strikingly resem])les that of 
the Chonos Islands. For a space of eleven miles on 
the SE. coast, the folia were very distinct, though 
slightly convoluted, and ranged within a poiiil of NNW. 
and SSE,, dipping either ENE. or more commonly 
WSW., at an average angle of 22° (in one spot, however, 
at and therefore decidedly at a lesser inclination 
than amongst the Chonos Islands. On the west and 
north-western shores, the foliation was often obscure, 
though, where best defined, it ranged within a point of 
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N* by W. and S. by E., dipping either easterly or 
westerly, at varying and generally very small angles. 
Hence, from the southern part of Tres Montes to the 
northern end of Chiloe, a distance of 300 miles, we 
have closely allied rocks with their folia striking on an 
average in the same direction, namely, between N. 11® 
and 22® W. Again, at Valdivia, we meet with the 
same mica-schist, exhibiting nearly the same minera- 
logical j)assages as in the Chonos Archipelago, often, 
however, becoming more ferruginous, and containing 
so much feldspar as to pass into gnenss. The folia were 
generally well defined ; but now^here else in South 
America did 1 see tliem varying so much in direction : 
this seemed chieliy caused by their forming parts, as I 
could sometimes distinetl}^ trace, of large flat curves ; 
nevertheless, both near tlie setflcment and towards the 
interior, a NW. and SE. strike seemed more frequent 
than any other direction ; the angle of the dip was 
generally small. At Concepcion, a higlily glossy clay- 
slate had its cleavage often slightly curvilinear, and 
inclined, stddom at a higli angle, towards various points 
of the compass ; ^ but here, as at Valdivia, a NW. and 


* I obsoi'ved ill soiiio pautK that the tops of tho himhifi; of the clay- 
slate (If of the (lia^^rani) under the superlicial detritus and soil (a) were 
bout, sometimes without bein*^ broken, 
us represented in tho neeompanying 
diagram, wliieh is <‘opied from one gireu 
I >V ^'ir U. i )e la Bee ho (p. 42, ‘Ueolo- 
gical Manual ’) of an exm^tly similar 
phenomenon in Devonshire. Mr. Ji. A. 

O. Austen, also, in his excellent paper 
on 8.E. Devon (‘ (Jeolog. Transact.’ vol. 
vi. i). 437), lias described this phcnonienon ; ho attributes it to tho action 
of frosts, but at the same time doubl.s whether the frosts of tho present 
day penetrate to a sufiicient deptli. As it is known that earthquakes 
particuhirly aifeet the surface of tho ground, it occurred to mo that this 
appearance miglit perhaps bo due, at least at Concepcion, to their fre- 
quent occurrence ; the superficial layers of detritus 1>eiug either jerked 
in ono direction, or, -where tho surface was inclined, piished a little down- 
wards during each strong vibration. In North Wales I have Been a 
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SE, strike seemed to be the most frequent one. In 
certain spots large quartz veins were numerous, and 
near them, the cleavage, as was the case with the folia- 
tion of the schists in the Chonos Archipelago, became 
extremely tortuous. 

At the northern end of Quiriquina Island, in the 
Bay of Conception, at least eight rudely parallel dikes, 
which liave been guided to a. certain (‘xtent by the 
cleavage of the slate, occiu: within the space of a quarter 
of a mile. They vary much in composition, resembling 
in many respects tlie dikes at Low’s Harbour: the 
greater number consist of teldspathic porpliyries, some- 
times containing grains of quartz : one, however, was 
black and brilliant, like an augitic rock, but really 
formed of feldspar ; others of a fcldspathic nature were 
perfectly white, with either an <‘artlily or crystalline 
fractiux', and including grains and regular octagons of 
quartz ; these white varieties passed into ordinary green- 
stones. Although, both here and at Low’s Harbour, 
the nature of the rock varied considerably in the same 
dike, yet I cannot but think tliat at tliese two places 
and in other parts of the Chonos group, where the dikes, 
though <‘lose to each other and running parallel, are of 
dih'ereiit composition, tliat they must have L?en formed 
at different periods. In the case of Quiriquina this is a 
rather interesting conclusion, for tliese eight paiallel 
dikes cut tii rough the metamoiphic schists in a NW. 
and SE. line, and since their injection tlio overlying 
cretaceous or tertiary strata have been tilted (wliilst 
still under the sea) from a NW. by N. and BE. by 
S. line ; and again, dining tlie great earthquake of 

somewhat analogous but less regular appearance, though on a greater 
scale (‘London Phil. Mag.’ vol. xxi. p. 184), and produced by a quite 
difTerent cause, namely, by the stranding of great icebergs ; this latter 
appearanco has also been observed in North America. 
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February 1835, the ground in this neighbourhood was, 
fissured in NW, and SE. lines ; and from the manner in 
which buildings were thrown do^vn, it was evident that 
the surface undulated in this same direction,^ 

Central and Northern Chile. — Noi*thward of Con- 
cepcion, as far as Copiapo, tlie si lores of the Pacific 
consist, wdth the exception of some small tertiary basins, 
of gneiss, mica-schist, altered clay-slat(.*, granite, gTeen- 
stone and syenite : hence the coast from Tres Montes 
to Copiapo, a distance of 1,200 miles, and I liave reason 
to believe for a much greater space, is almost similarly 
constituted. 

Near Valparaiso the prevailing rock is gneiss, 
generally including much hornblende: concretionary 
balls formed of feldspar, hornblende and mica, from 
two to three feet in diameter, arc in very many places 
conformably enfolded by the foliated gneiss: veins 
of quartz and feldspar, including black schorl and well- 
crystallised epidote, are numerous. Epidote likewise 
occurs ill the gneiss in thin layers, parallel to the folia- 
tion of the mass. One large vein of a coarse granitic 
character was remarkahle from in one part qidte 
changing its cliaracter, and insensibly passing into a 
blackish jiorjfiiyry, including aci(;ular crystals of glassy 
feldspar and of hornblende : I have never seen any other 
such case.‘^ 

I shall in the few following remarks on the rocks of 
Chile allude exclusively to their foliation and cleavage. 
In the gneiss round Valparaiso the strike of tlie fbliation 
is very variable, but I think about N, by W, and S. by 

* ‘ Geolug. Trans/ toI. vi. pp. 602 and 61 7- ‘Journal of Researches * 
(2nd edit.) p. 307. 

® Humboldt (‘ Personal Narratire,* vol. iv. p. 60) has described 'with 
much surprise, concretionary balls, with concentric divisions, composed 
of partially vitreous feldspar, hornblende, and garnets, included within 
great veins of gneiss, which cut across tlie mica«slato near Venezuela. 
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E. is the commonest direction ; this likewise holds good 
with the cleavage of the altered feldspatliic clay-slates, 
occasionally met with on the coast for ninety miles north 
of Valparaiso. Some feldspatliic slate, alternating with 
strata of clay-stone porphyry in tlie Bell of Quillota 
and at Jajuel, and therefore, perhaps, l)elongiiig to a 
later period than the nietainorphic schists on the coast, 
cleaved in this same direction. In tlie Eastern Cordillera, 
in the Portillo Pass, tliere is a gniiid mass of mica- 
slate, foliated in a north and south line, and witli a 
high westerly dip ; in the Uspallaia range, cliiy-slate 
and grauwaeke have a liiglily inclined, nearly north and 
sontij cleavage, though in some pads tin* sirike; is irregu- 
lar: in tlie main or Cumhr<‘ range, the direction of the 
cleavage in the feldspathie clay-slate is N\V. and 8E. 

Jletweeii Cotpiiuibo and Guasco thej'e are two eon- 
siderahie formations of inica-slatc^, in one of which ilie 
rock ])assed sometimes into common clay-slate and some- 
times into a glossy black variet}^, very like that in the 
Chonos Arcliipelago. Tlie folia and cleavage of those 
rexh's ranged between [N. and W. hy X.] and [S. and 
SW. by S.] Near the Port of Gnasco several varieties 
of altered clay-slate have a qnitc^ irregular cleavage. 
Belwi'CTi Guasco and Copiapo, there are some siliceous 
and talcaceons slates cleaving in a nortli and south line, 
wdth an easterly dip of between GCPaiid 70°: higli up, 
also, the main valley of ('opiapo, there is mica-slate 
with a high easterly dip. In the whole space between 
Valparaiso and Copiapo an easterly diji is miicli more 
common tlian an opiiosite or westerly one. 


Concluding Remarks on Cleavage and Foliation. 

In this southern part of the Soutliern Hemisphere, 
we have seen that the cleavage-laminae range over wide 
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areas with remarkable uniformity, cutting straight 
through the planes of stratification,^ but yet being 
parallel in strike to the main axes of elevation, and 
generally to the outlines of the coast, Tlie dip, how- 
ever, is a^ variable, both in angle and in direction (that 
is, sometimes being inclined to the one side and some- 
times to the directly opposite side), as tlie strike is 
uniform. In all these respects tliere is a close agi'ee- 
ment witli tlie facts given by Professor Sedgwick in Ids 
celebrated memoir in the ^ Geological Transactions,’ and 
by Sir K, I. Murchison in Ids various excellent dis- 
cussions on this subjeci.. The Falkland Islands, and 
more especially Tierra del Fuego, offer striking instances 
of the line's of cleavage, the principal axc^s of elevation, 
and the outlines of the coast, gradually changing 
together tlieir courscis. Th(^ direction which prevails 
tlmouglLOut Tierra del Fuego and the Falkland Islands, 
namely, from west with somi' nortljing to east with 
some southing, is also comnlon to the several ridges In 
northern Patagoida and in the western parts of Banda 
Oriental : in this latter province, in the »SierraTapalguen, 
and in the wt'stern Falkland Island, the W. by X., or 
WNW. and ESE., ridges, are crossed at right angles by 
others ranging NNE. and SSW. 

The fact of tlie cleavage-laminfu in the clky-slate of 
Tierra del Fuego, wdiere seen cutting straiglit through 
the planes of stratification, and where consequently 
there could lx? no doubt about tlieir nature, differing 
slightly in colour, texture, and hardness, appears^to me 
veiy interesting. In a tliick mass of laminated, fold- 
spathic and altered clay-slate, interposed between two 

* In my paper on tho l^alkland Islands (vol. iil. p. 267 * Geological 
Journal I have given a curious case on the authority of Ca.pt. Sulivan, 
K,K.,'of much folded beds of -clay-slate, in some of which the cleavage is 
perpendicular to the horizon, and in others it is perpendicular to each 
curvatoe or fold of the bed ; this appears a new case. 
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great strata of porpli 3 nritic conglomerate in central 
Chile, and where there could be but little doubt about 
the bedding, I observed similar slight differences in com- 
position, and likewise some distinct thin layers of 
epidote, parallel to the highly inclined cleavage of the 
mass. Again, I incidentally noticed in North Wales,' 
where glaciers ]iad passed over the truncated edges of 
the highly inclined laminae of clay-slate, that the surface, 
though smooth, was worn into small parallel undula- 
tions, caused ])y the component laminae being of slightly 
different degrees of hardness. With reference to the 
slates of North Wales, Professor Sedgwick describes the 
planes of cleavage, as ^ coated over with chlorite and 
semi-crystalliiie matter, wliich not only merely define the 
planes in question, but strike in parallel flakes through 
the whole mass of the roek.'^ In some of those glossy 
and hard varieties of clay-slate, which may often be 
seen passing into mica-sclust, it lias appeared to me that 
the cleavage-planes were Ibrmed of excessively thin, 
generally slightly convoluted, folia, composed of micro- 
scopically minute si^ales of mica. From these several 
facts, and more especially from the case of the clay- 
slate in Tierra d(d Fiiego, it must, I think, be con- 
cluded, that the same ]3owor which has impressed on thc^ 
slate its fissile structure or cleavage has tended to 
modify its mineralogical character in parallel planes. 
Let us now turn to the foliation of the metamor- 
phic schists, a, subject which has been much less at- 
tended to. As in the case of cleavage-laminae, the folia 
q>reserve over very large areas a uniform strike : thus 
Humboldt® found for a distance of 300 miles in Vene- 
zuela, and indeed over a much larger space, gneiss, 

' * TvODdon Phil. Mag.’ rol. xxi. p. 182. 

® ‘Geological Trans.’ vol. iii, p, 471. 

* ‘Personal Narrative,' vol. n. p. et seq* 
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granite, mica, and clay-slate, striking very uniformly 
NE. and SW., and dipping at an angle of between 60® 
and 70® to NW. ; it would even appear from the facta 
given in this chapter, that the metamorphic rocks 
throughout the north-eastern part of S. America are 
generally foliated within two points of NE. and SW. 
Over the eastern parts of Banda Oriental, the foliation 
strikes with a high inclination, very uniformly NNE, to 
SSW., and over l,he western part.s, in a W. by N. and 
E. by S. line. For a space of 300 miles on the shores 
of the ChonoR and (Jhiloe Islands, we have seen that the 
foliation seldom deviates more than a point of the com- 
pass from a N. 19° W. and S. 19° E. strike. As in the 
-case of cleavage, the angle of the dip in foliated rocks 
is generally high but variable, and alternates from one 
iiide of the line of strike to the other side, sometimes 
being vertical : in the northern Chonos Islands, however, 
the folia are inclined almost always to the west ; iji 
nearly the saine manner, the cleavage-laminse in 
southern Tierra del Fuego certainly dip much more fre- 
quently to SSW. than to the opposite point. In 
eastern Banda Oriental, in parts of Brazil and in some 
other districts, the foliation runs in the same direction 
with the mountain-ranges and adjoining coast-lines: 
amongst the Chonos Islands, however, this coincidence 
fails, and I have given my reasons for suspecting 
that one granitic axis has burst through and tilted the 
already inclined folia of mica-schist : in the case of 
cleavage,^ the coincidence between its strike and that 
of the main stratification seems sometimes to fail. 
Foliation and cleavage resemble each other in the planes 
winding round concretions, and in becoming tortuous 

' Cases are given by Mr. Jukes, in bis ‘ Geology of Newfoundland,* 

130 . 
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wlier^ veins of quartz abound,^ On the flaaks of the 
mountains both in Tierra del Fuego and in other 
countries, I have observ^ed that the cleavage-planes fre- 
quently dip at a high angle inwards ; and this was long 
ago observed by ^^on Buch to be the case in Norway : 
this fiict is perhaps analogous to the folded, fan-like or 
radiating structure in the metamorphic schists of the 
Alps, 2 in which the folia in the central crests are vertical 
and on the two flanks inclined inwards. Where masses 
of fissile and foliated rocks alternate together, the cleav- 
age and foliation, in all cases which I liave seen, are 
parallel. Where in one district, the rocks are fissile, 
and in another adjoining district they arc foliated, the 
planes of cleavage and fi)liation are likewise generally 
parallel: this is the case with the feldspathic homo- 
geneous slates in the southern part of tlui Chonos group, 
compared with the fine foliated mica-scliists of the 
northern part; so again the clay-slate of the whole 
eastern side of Tierra del F uego cleaves in exactly the 
same line with the foliated gneiss and mica-slate of the 
western coast; other analogoUvS instances might have been 
adduced.^ 

Witli respect to the origin of the folia of quartz, 
mica, feldspar, and other minerals composing the meta- 
morphic schists, Professor Sedgwick, Mr. Lyell and 
most authors believe, that the constituent parts of each 
layer were separately deposited as sediment, and then 


* I have seen in Brazil and Chile concretions thus enfolded by foli- 
ated gneiss ; an^l Macciillocli (‘ Highlands/ vol. i. p. 64) has described a 
similar case. For analogous cases in clay-slate, see Prof. Hensloisf’s 
Memoir in ‘ Cambridge Phil. Trans/ toI i. p. and Macculloch’s 
* Class, of Bocks,’ p. 351. W^itb respect to both foliation and cleavage 
Ijecoming tortuous where cpiartz-voins abound, I have seen instances near 
Monte Video, at Concepcion, and in the Ghanos Islands. See also Mr. 
Greenougb’s ' Critical Examination/ p. 78. 

* Studer in ‘Edin. N(jw Phil. Journal/ vol. xxiii. p. 144. 

* I have given a case in Australia. See Chapter YII. of this work. 
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metamorphosed. This view, in the majority of cases, I 
believe to be quite untenable. In those not uncommon 
instances, where a mass of clay-slate, in approaching 
granite, gradually passes into gneiss,' we clearly see 
that folia of distinct minerals can originate through the 
metamorphosis of a homogeneous fissile rock. The de^ 
position, it may be remarked, of numberless alternations 
of pure quartz, and of the elements of mica or feldspar 
does not appear a probable event.* In those districts 
in wliich the metamorphic schists are foliated in planes 
parallel to tlie cleavage of the rocks in an adjoining 
district, arc we to believe that the folia are due to 
sedimentary layers, whilst the cleavage-laminae, though 
parallel, have no relation whatever to such jdanes of 
deposition ? ( hi this view, how can we reconcile the 

vastness of the areas over which the strike of the folia- 
tion is uniform, with what we see in disturbed districts 
composed of true strata : and especially, how can we 
understand the high and even vertical dip throughout 
many wide districts, which are not mountainous, and 
throughout some, as in western Banda Oriental, which 
are not even liilly ? Are we to admit that in the 
northern part of the Chonos Archipelago, mica-slate was 
first accumulated in parallel horizontal folia to a thick- 
ness of aboTit four geographical miles, and then upturned 
at an angle of forty degrees ; wlulst, in the southern 
part of this same archipelago, the cleavage-laminse 
of closely allied rocks, which none would imagine had 
ever been horizontal, dip at nearly the same £mgle, to 
nearly the same point ? 

Seeing, then, that foliated schists indisputably are 

^ 1 have described (in Chqpter VII. of this work) n good instance of 
such a passage at the Cape of (lood Hope, 

* See some excellent remarks on this subject, in B^Aubuisson’s 
^ Xrait^ de tom. i. p.,297. Also, some remarks by Mr. Bana in 
Sillimau*6 ‘American Journ.' vol. xlv. p. 108. 

H H 
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sometimes produced by the metamorphosis of homo- 
geneous fissile rocks ; seeing that foliation and cleavage 
are so closely analogous in the several above-enumerated 
respects; seeing that some fissile and almost homo- 
geneous rocks show incipient mineralogical changes 
along the planes of their cleavage, and that other rocks 
with a fissile structure alternate with, and pass into 
varieties with a foliated structure, I cannot doubt that 
in most cases foliation and cleavage are parts of the 
same process : in cleavage there being only an incipient 
separation of the constituent minerals ; in foliation a 
much more complete separation and crystallisation. 

The fact often referred to in this chapter, of the 
foliation and the so-called strata in the metamorphic 
series, — that is, the alternating masses of different 
varieties of gneiss, mica-schist, and hornblende-slate, 
&c. — ^being parallel to each other, at first appears quite 
opposed to the view, that the folia have no relation to 
the planes of original deposition. Where the so-called 
beds are not very thick and of widely different minera- 
logical composition from each other, I do not think that 
there is any difiiculty in supposing that they have 
originated in an analogous manner with the separate 
folia. We should bear in mind wbat thick strata, 
in ordinary sedimentary masses, have obviously been 
formed by a concretionary process. In a pile of volcanic 
rocks on the Island of Ascension, there are strata, differ- 
ing quite as much in appearance as the ordinary 
varieties of the metamorphic schists, which undoubtedly 
have been produced, not by successive flowings of lava, 
but by internal molecular changes. Near Monte Video, 
where the stratification, as it would be called, of the 
metamorphic series is, in most parts, particularly well 
developed, being as usual, parallel to the foliation, we 
have seen that a mass of chloritic schist, netted with 
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-quartz-veins, is entangled in gneiss, in such a manner as 
to show that it had certainly originated in some pro- 
cess of segregation ; again, in another spot, the gneiss 
tended to pass into homblendic schist by alternating 
with layers of quartz ; but these layers of quartz almost 
certainly liad never been separately deposited, for they 
were absolutely continuous with the numerous intersect- 
ing veins of quartz. I have never had an opportunity of 
tracing for any distance, along the line both of strike 
and of dip, the so-called beds in the metamorphic 
schists, but I strongly suspect that they would not be 
found to ext<md with the same character, very far in the 
line either of their dip or strike. Hence I am led to 
believe, that most of the so-called beds are of the nature 
of complex folia, and have not been separately de- 
posited. Of coui'se, this view cannot be extended to 
thick, masses included in the metamorphic series, whicli 
are of totally different composition from the adjoining 
schists, and which are far extended, as is sometimes the 
case with quartz and marble ; these must generally be 
of the nature of true strata.' Such strata, however, 
will almost always strike in the same direction with the 
folia, owing to the axes of elevation being in most 
coimtries parallel to the strike of the foliation ; but 
they will generally dip at a different angle from that of 
the foliation ; and the angle of the foliation in itself 
almost always varies much : hence, in crossing a meta- 
morphosed schistose district, it would require especial 
attention to discriminate between true strata df depo- 
sition and complex foliated masses. Tlie mere presence 
of true strata in the midst of a set of metamorphic 
schists, is no argument that the foliation is of sedimen- 


* Macculloch states Classification of Rocks/ p, 364) that primary 
limestones are often found in irregular masses or great nodules, ‘which 
can scarcely be said to possess a stratified shape ! * 

H u 2 
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tary origin, without it be further shown in each case, 
that the folia not only strike, but dip throughout in 
parallel planes with those of the true stratification. 

As in some cases it appears that where a fissile rock 
has been exposed to partial metamorphic action, fof 
instance from the irruption of granite, the foliation has 
supervened on the already existing cleavage-planes ; so 
perhaps in some instances, the foliation of a rock may 
have been determined by the original planes of deposi- 
tion or of oldique current-laminoe : I liavo, however, 
myself, never seen such a case, and I must mainiain that 
in most extensive metamorphic areas, the foliation is 
the extreme result of that process, of which cleavage 
is the first effect. That foliation may arise without any 
previous structural arrangement in the mass, we may 
infer from injected, and therefore once liquefied, rocks, 
both of volcanic and plutonic origin, sometimes liaving a 
* grain ’ (as expressed by Professor Sedgwick), and some- 
times being composed of distinct folia or laminae of dif- 
ferent compositions. In the earlier chapters of the pre- 
sent work, I have given several instances of this struc- 
ture in volcanic rocks, and it is not uncommonly seen ill 
plutonic masses — thus, in the (Vjrdillera of Chile, there 
are gigantic moimtain-like masses of red granite, which 
have been injected whilst liquefied, and which neverthe- 
less, display in parts a decidedly laminar structure.' 

Finally, we liave seen that the planes of cleavage 
and of foliation, that is, of the incipient process and of 
the final result, generally strike parallel to the principal 

* As remarkeil in <a foimor part of this chapti^r, I suspect that tlio 
Ijoldly coniwil mountaiiiH f)f f^neiss-granite, near Kio do Janeiro, in 
which the constituent minerals aro arranged in parallel planes, m’O of 
intrusive origin. Wo must not, however, forgot the lesson of caution 
taught by the curious clay -stone porphjTies of I’ort Desire, in which 
we have seen that the^ breaking up and aggregation of a thinly stratified 
tufaoeous mass, has yielded a rock semi-porphyritic with crystals of feld- 
spar, arranged in the planes of original deposition. 
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axes of elevation, and to the outline of the land : the 
strike of the axes of elevation (that is, of the lines of 
fissures with the strata on their edges upturned), ac- 
eording to the reasoning of Mr. Hopkins, is determined 
by the form of the area undergoing changes of level, 
and the consequent direction of the lines of tension and 
fissure. Now, in that remarkable pile of volcanic rocks 
at Ascension, which has several times been alluded to 
(and in some other cases), I have endeavoured to show,^ 
that the lamination of the several varieties, and their 
alternations, have been caused by the moving mass, just 
before^ its final consolidation, having been subjected (as 
in a glacier) to planes of diffenuit tension ; this difier- 
ence in the tension affecting the crystalline and concre- 
tionary processes. One of the varieties of rock thus 
produced at Ascension, at first sight, singularly resembles 
a fine-grained gneiss ; it consists of quite straight and 
parallel zones of excessive tenuity, of more and less 
coloured crystallised feldspar, of distinct crystals of 
quartz, diopside, and oxide of iron. These considera- 
tions, notwithstanding llie experiments made by Mr. 
Fox, showing the influence of electrical currents in pro- 
ducing a structure like that of cleavage, and notwith- 
standing the apparently inexplicable variation, both in 
the inclination of the cleavagc-laminaa and in their dip- 
ping first to one side and then to tlie otlier side of the line 
of strike, lead me to suspect that the planes of cleavage 
and foliation are intimately connected with tlje planes 
of different tension, to which the area was long sub- 
jected, afier the main fissures or axes of upheavement 
had been formed, but before the final consolidation of 
the mass and the total cessation of all molecular move- 
ment. 


See Chapter III. of the present work. 
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CHAPTEE XIV. 

CENTRAL CHILE; STRUCTCRB OF THE CORDILLERA. 

Central ChUe — Basal formations of the Cordillera — Origin of the por^ 
phgritic clay-stone conglomerate —Andesite — Volcanic rocks — Section of 
the Cordillera hy the Peuquencs or Bortillo Bass — Great gypseous for^ 
motion — Beuqicenes line ; thickness of strata, fossils of— Portillo line, 
conglomerate, orthiiic granite, mica-schist, and volcanic rocks of — Cone- 
eluding remarks on the denudation and elevation of the Portillo line — 
Section hy the Cumhre or IJspallata Pass — Porphyry — Gypseous 
strata— Section near Puente del htca; fossils of — Great subsidence- 
intrusive jxirphyries — Plain of IJspallata— Section of the Uspallata 
chain — Structure and natttre of the strata — Silicificd vertical trees — 
Great subsidence — Granitic rocks of axis — Concluding remarks on the 
IJspallata range ; origin subsequent to that of the main Cordillera ; 
two periods of subsidence ; comparison with the Portillo chain. 

The ? district between the Cordillera and the Pacific, on 
a rude average, is from about eighty to one hundred 
miles in width. It is crossed by many chains of moun- 
tains, of which the principal ones, in the latitude of 
Valparaiso and southward of it, range nearly north and 
south ; but in the more northern parts of the province,, 
they run in almost every possible direction. Near the 
Pacific, the mountain-ranges are generally formed of 
syenite or granite, or of an allied euritic porphyry ; in 
the low country, besides these granitic rocks and green- 
stone, and much gneiss, there are, especially northward 
of Valparaiso, some considerable districts of true clay- 
slate with quartz veins, passing into a feldspathic and 
porphyritic slate; there is also some gi^auwacke and 
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quartzose and jaspery rocks, the latter occasionally 
assuming the character of the basis of clay-stone por- 
phyry : trap-dikes are numerous* Nearer the Cordillera 
the ranges (such as those of S. Fernando, the Prado, ^ 
and Aconcagua) are formed partly of granitic rocks, 
and partly of purple porphyritic conglomerates, clay- 
stone porphyry, greenstone porphyry, and other rocks, 
such as we shall immediately see, form the basal strata 
of the main Cordillera. In the more northern parts of 
Chile, this porphyritic series extends over large tracts 
of country far from the Cordillera ; and even in Central 
Chile such occasionally occur in outlying positions. 

I will describe the Campana of Quillota, which 
stands only fifteen miles from the Pacific, as an instance 
of one of these outlying masses. This hill is conspicuous 
from rising to the height of G,400 feet : its summit 
shows a nucleus, uncovered for a height of 800 feet, of 
fine greenstone, including epidote and octahedral mag- 
netic iron ore ; its flanks are formed of great strata 
of porphyritic clay-stone conglomerate, associated with 
various true porphyries and amygdaloids, alternating 
with thick masses of a highly feldspathic, sometimes 
porphyritic, pale-coloured slaty rock, with its cleavt^e- 
laminoe dipping inwards at a high angle. At the base 
of the hill there are syenites, a granular mixture of 
quartz and feldspar, and harsh quartzose rocks, all be- 
longing to the basal metamorphic series. I may ob- 
serve that at the foot of several hills of this clasg, where 
the porphyries ai*e first seen (as near S. Fernando, the 
Prado, Las Vacas, &c.), similar harsh quartzose rocks 
and granular mixtures of quartz and feldspar occur, as 
if the more fusible constituent parts of the granitic 
series had been drawn off to form the overlying por- 
phyries. 

* Meyen, ^Heieo rxm Erde,* Th. 1. s. 235. 
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In Central Chile, the flanks of the main Cordillera, 
into which I penetrated b)" four different valleys, gene- 
rally consist of distinctly stratified rocks. The strata 
are inclined at angles varying from sometimes even 
nnder ten, to twenty degrees, very rarely exceeding 
forty degrees : in some, however, of tlie quite small, 
exterior, spur-like ridges, the inclination was not unfre- 
quently greater. Tiie dip of the strata in the main 
outer lines was usually outwards or from the (k)rdillera, 
but in Northern Chile frequently inwards, — that is, 
their basset-edges fronted the Pacific. Dikes occur in 
extraordinary numbers. In tlie great, central, loftiest 
ridges, fhe strata, as we shall pn*S(mi ly see, ai’e almost 
always highly inclined and of( (*n vtnd ical. Before giving 
a detailed account of rny tw'o sections across the Cor- 
dillera, it will, I think, be conveni<mt to describe the 
basal strata us seen, often 1 o a thickness of 4,000 or 
o,00() feet, on tlie flanks of tlie ouier lines. 

Basal Strata of ike Cordillera . — The prevailing 
rock is a purplisl) or greenish, porpliyritic elaystoiie 
conglomerate. Tlie embedded fragments vary in size 
from mere particles to blocks as much as six or eight 
inches (rarely more) in diameter; in maiiy]>laccs, where 
the fragments were minute, the signs of a{|ueous depo- 
sition wore nnequi vocally distinct ; wlu^re iiiey were 
large, such evidence could rarely be detected. The 
basis is generally porpbyritic with perfect crystals of 
feldspar, and resembles that of a true injected clay- 
^tone porphyry : often, however, it lias a mechanical 
or sedimentary aspect, and som (dimes (as at Jajuel) is 
jaspery. The included fragments are either angular, 
or partially or quite rounded ; ^ in some parts the 

* Some of the rounded fragmental in tho porpbyritic conglomerate 
near tho Baths of Cjiuquenes, were marked with radii and concentric 
zones of different shades of colour : any one who ciiil not know that 
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rounded, in others the angular fragments prevail, and 
usually both kinds are mixed together ; hence the word 
breccia ought strictly to be appended to the term 
jphyritic conglomerate. The fragments consist of many 
varieties of clay-stone porphyry, usually of nearly 
the same colour with the surrounding basis, namely, 
purplisla-reddish, brownish, mottled or bright green ; 
occasionally fragments of a laminated, palc-coloured, 
feldspatliic rock, like altered clay-slate/ are included ; 
as are sometimes graius of quartz, but only in one in- 
stance in tkmtral Cliile (namely, at the mines of Jajuel) 
a few peblJes of quni’tz. I nowhere observed mica in 
this formation, and rarely hornblende ; where the latter 
mineral did occur, I was generally in doubt wliether 
the mass really belongctd to this formation, or was of 
intrusive origin, (''alcareous si:)a.r occasionally occurs 
in small cavities ; and nest s and lay<'rs of epidote are 
common. In some few places in the tiner-grained 
varieties (for instance, at (iiiillota), there were short, 
interrupted layers of eavtliy fe‘ldspa,r, which could be 
traced, exactly as at Port Desire, passing into huge 
crystals of feldspar : I doubt, however, whether in this 
instance the layers had ever been separately deposited 
as tufaceons scjdiment. 

All the varieties of porphyritic conglomerates and 
breccias pass into each other, and by imiuinerable 
gradations into porphyries no longer retaining the least 
trace of ineclianical origin : the transition appears to 
have been etlected much more easily ia the liner-graiued, 
tba-n in the coarser-graintHl varieties. In on^" instance, 
neai* Oaucpienes, I iiotic(*d that a porphyritic conglo- 

pethlcs, for iustanco flint pebbloa from tho cbalk, aro fiomelimos zoned 
concentrically with their worn and roiindod surfaces, might have been 
led to infer, that these balls of porphyry were not true j)ebbles, but had 
originated in concretionary action. 
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merate asstimed a spheroidal structure, and tended to 
become columnar. Besides the porphyritic conglomerates 
and the perfectly characterized porphyries of meta- 
morphic origin, there are other porphyries, which, 
though differing not at all or only slightly in composi- 
tion, certainly have had a different origin : these consist 
of pink or purple claystone porphyries, sometimes 
including grains of quartz, — of greenstone porphyry, 
and of other dusky rocks, all generally porphyritic with 
fine, large, tabular, opaque crystals, often placed cross- 
wise, of feldspar cleaving like albite, (judging from 
several measurements), and often amygdaloidal with 
silex, ligate, carbonate of lime, green and brown bole.^ 
These several porpljyritic and amygdaloidal varieties 


* This bole is a ve^ common mineral in tJio amy^aloidal rocks ; it 
is generally of a greeuish-brown colour, •with a radiating structure ; ex- 
ternally it is black with an almost metallic lustre, but often coated by a 
bright green film. It is soft and can be scratched by a quill ; under tho 
blowpipe swells greatly and becomes scaly, then fuses easily into a 
black magnetic bead. This substance is evidently similar to that 
w'hich often occurs in submarine volcanic rocks. An examination of 
some very curious specimens of a fine jKirphyry (from Jnjucl) leads mo 
to suspect that some of these amygdaloidal balls, instead of having been 
deposited in pre-existing air-vesicles, are of concretionary origin ; for in 
these s|a;cimons, some of the pea-.shaped little masses (often externally 
marked •with minute pits) are formed of a mixture of green earth with 
stony matter, like the basis of the porphyry, including minute imperfect 
crystals of feldspjir ; and these pea-shaped little masses arc themselves 
nmygdaloidjil with minute spheres of tho green earth, each enveloped by 
a film of white, apparently feldspathic, earthy matter : so that the por- 
phyry is doubly amygdaloidal. It should not, how'evor, bo overlooked, 
that all the strata here have undergone metamorphic action, wliich may 
have caused crystals of feldspar to appwir, and other changes to bo 
effected, in the originally simple amygdaloidal balls. Mr. J. D. Dana, 
in an excellent paper on Trap rocks ’(‘ Edin. Ne-w Phil. Journ.’ vol. xli. 
p. 198), 1ms argued, with great force, that all amygdaloidal minerals 
iiave been deposited by aqueou.s infiltration. I may take this oppor- 
tunity of alluding to a curious case, described in Chapter II. of the 
present work, of an amygdaloidal rock, -with many of the cells only 
half filled np with a niesfitypic mineral. 

M. JElose has described an amygdaloid, brought by Dr. Meyen 
(‘Beiseum Erde,^ Th. 1. s. 316) from Chile, as consisting of crystallized 
quartz, with ciystals of stilbite within, and lined externally by green 
earth. 
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never show any signs of passing into masses of sedi- 
mentary origin: they occur both in great and small 
intrusive masses, and likewise in strata alternating with 
those of the porpliyritic conglomerate, and with the 
planes of junction often quite distinct, yet not seldom 
blended together. In some of these][;intrusive masses^ 
the porphyries exhibit, more or less plainly, a brecciated 
structure, like that often seen in volcanic masses. These 
brecciated porphyiies could generally be distinguished 
at once from the metamorphosed, porphyritic breccia- 
conglomerates, by all the fragments being angular and 
being formed of the same variety, and by the absence 
of every trace of aqueous deposition. One of the por- 
phyries above specified, namely, the gi-eenstone porphyry 
with large tabular crystals of albite, is particularly 
abundant, and in some parts of the Cordillera (as near 
St. Jago) seemed more common even than the purplish 
porpliyritic ^ conglomerate. Numerous dikes likewise 
consist of this greenstone porphyry ; others are formed 
of various fine-grained trappean rocks; but very few 
of clay-stone porphyry : I saw no true basaltic dikes. 

In several places in the lower part of the series, but 
not everywhere, thick masses of a highly feldspathic,, 
often porphyritic, slaty rock occur interstratified with 
the porphyritic conglomerate : I believe in one or two 
cases blackish limestone has been found in a similar 
position. The feldspathic rock is of a pale gTCy or 
greenish colour ; it is easily fusible ; where porphyritic^ 
the crystals of feldspar are generally small and vitreous ; 
it is distinctly laminated, and sometime^ includes, 
parallel layers of epidote ; ^ the lamination appears to 

* This mineral is extremely common in all the formations of Chile; 
in the gneiss wear Valparaiso and in the granitic veins crossing it. in 
the injected greenstone crowning the C. of Quillota, in some granitic 
porphyries, in the porphyritic conglomerate, and in the feldspathiO: 
clay-slates. 
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be distinct from stratification. Occasionally this rock 
is somewhat carious ; and at one spot, namely, at the 
C. of Quillota, it had a brecciated structure. Near the 
.mines of Jajuel, in a thick stratum of this feldspathic, 
porphyritic slate, there was a layer of liard, blackish, 
siliceous, infusible, compact clay- slate, such as I saw 
nowhere else : at tlie s«aint! })hice I was able to follow 
for a considerable distance tlitgunction between the slate 
.and th(? eonformaldy uiuler]yin<>‘ i)orp)iyritic conglo- 
merate, and lliey certainly pass(‘d gradually into each 
other. Wlierever tliese slaty fiddspathic rocks abound, 
gi-eeiistone seems common ; at the C. of (h^iHota a bed 
of well-ciyst.allized greenstone lay eonfonnahly in tlu‘ 
midst of the feldspathic slate, Avith ih(^ upper and lower 
junctions passing insensibly into it. .Krom this fact, 
and from the frecpiently porphyritii* condition of tln.^ 
slate, I should perhaps Inn^e considered this rock as an 
eniptod one (like (‘ertain laminated feldspathic lavas 
in tlie trachytie series), had I not seen in T. del Fuego 
how readily true clay-slate becomes tel<]s])atlHc and 
Ijorphyritic, and liad 1 not seen at Jajuel the ineduded 
layer of black, siliceous clay-slate, which no one could 
.have thought of igueous origin. T])e gentle ])assagc 
of the felds])athic slate, at Jajuel, into thc‘ por])hyidtic. 
conglomerate, whicli is certainly of a(|ueous origin, 
should also be taken into account. 

The alternatiug strata of jjor] Jiyrics and porphyritic 
conglomerate, and with the occasionally included beds 
of feldspathic slate, together make a grand formation ; 
in several places w'itlun the Cordillera, I estimated its 
thickness at from <j,000 to 7,000 feet. It extends for 
many hundred miles, forming the western flank of the 
Chilian Cordillera ; and even at Iquiquedn Peru, 850 
miles north of the southernmost point examined by me 
in Chile, the coast-escarpment, which rises to a heiglit 
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of between 2,000 and 3,000 feet, is thus composed. In 
several parts of Northern Chile this formation extends 
much farther towards the Pacific, over the granitic and 
metamorphic lower rocks, than it does in Central Chile * 
but the main Cordillera may be considered as its cen- 
tral line, and its breadth in an east and west direction 
is never great. At first the origin of this thick, ma&- 
sive, long but narrow formation, appeared to me very 
anomalous : whence \vere derived, and how were dis- 
persed the inniunerable fragments, often of large size, 
sometimes angular and sometimes rounded, and almost 
invariably composed of porphyritic rocks ? Seeing that 
the interstrati tied porphyries are never vesicular and 
often not even amygdaloidal, we must conclude iliat the 
pile was formed in deep water ; how then came so many 
fragments to be well rounded and so many to remain 
angular, sometimes tbe two kinds being equally mingled, 
sometimes one and sometimes the other preponderat- 
ing? That the clay-stone, greenstone, and other por- 
phyries and amygdaloids, which lie conformably be- 
tween the beds of conglomerate, are ancient submarine 
lavas, I think there can be no doubt ; and 1 believe we 
must look to tbe craters whence^ these streams were 
erupted, as tbe source of the breccia-conglomerate ; 
after a great explosion, we may fairly imagine that 
the water in the heated and scarcely quiescent crater 
would remain for a considerable time^ suQiciently 
agitated to triturate and round the loose fragments 
lying witliin it : these rounded fi*agments, few or many 
in number, would be shot forth at the next ^ruption^ 
associated with a few or many angular fragments, ac- 
cording to the strength of the explosion. The porphy- 

^ This ccrtiiiuly sooms to have taken place in some recent volcanic 
archipelagoes,’ as at the Galapagos, where numerous craters are exclu- 
sively formed of tuff and fragments of lava. 
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ritie conglomerate toeing purple or reddish, even when 
alternating with dusky-coloured or bright green por- 
phyries and amygdaloids, is probably an analogous 
cii'cumstance to the scorise of the blackish basalts be- 
ing often bright red. The ancient submarine orifices 
whence tlie porphyries and their fragments were ejected 
having been an-anged in a band, like most still active 
volcanos, accounts for the thickness, the narrowness, and 
linear extension of this formation. 

This whole great pile of rock has suffered much 
metamorphic action, as ia very obvious in the gradual 
formation and appearance of the crystals of albitic 
feldspar and of epidote — in the blending together 
of the fragments — in the appearance of a lami- 
nated structure in the feldspathic slate — and, lastly, 
in the disappearance of the planes of stratification, 
which could sometimes be seen on the same mountain 
-quite distinct in the upper part, less and less plain on 
the flanks, and quite obliterated at the base. Partly 
owing to this metamorphic action, and partly to the 
close relationship in origin, I have seen fragments of 
porphyries — ^takcn from a metamorphosed conglomerate 
— from a neighbouring stream of lava — from the nucleus 
or centre (as it appeared to me) of the whole submarine 
volcano — and lastly from an intrusive mass of quite 
subsequent origin, all of which were absolutely undis- 
tinguishable in external characters. 

One otlier rock, of plutonic origin, and highly im- 
portant in the history of the Cordillera, from having 
been injected in most of the great axes of elevation, and 
from having apparently been instrumental in meta- 
morphosing the superincumbent strata, may be con- 
veniently described in this preliminary discussion. It 
has been called by some authors Andesite ; it mainly 
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consists of well-crystallised white albite,' (as determined 
with the goniometer in numerous specimens both by 
Professor Miller and myself), of less perfectly crystal- 
lised green hornblende, often associated with much 
mica, with chlorite and epidote, and occasionally with 
a few grains of quartz ; in one instance in Northern 
Chile, I found crystals of orthitic or potash feldspar, 
mingled with those of albite. Where the mica and 
quartz are abundant, the rock cannot be distinguished 
from granite ; and it may be called andesitic granite. 
Where these two minerals are quite absent, and when, 
as often then happens, the crystals of albite are imper- 
fect and blend together, the rock may be called ande- 
sitic porphyry, which bears nearly the same relation to 
andesitic granite tliat euritic porphyry does to common 
granite. These andesitic rocks form mountain masses 
of a white colour, which, in their general outline and 
appearance — in their joints — in their occasionally in- 
•cluding dark-coloured, angular fragments, apparently of 
some pre-existing rock — and in the great dikes branch- 
ing from them into the superincumbent strata, manifest 
a close and striking resemblance to masses of common 
granite and syenite: I never, however, saw in these 
andesitic rocks, those granitic veins of segregation 
which are so common in true granites. W^e have seen 
that andesite occurs in three places in Tierra del Fuego ; 
in Chile, from St. Fernando to Copiapo, a distance of 

* I here, and elsewhere, mil by this name^ those foldspathic mine- 
rals which cleave like albite: bnt it now appears (‘ Edin. New Phil, 
Journ.’ vol. xxiv. p. 181 ) that Abicli has analysed a mineral from the 
Cordillera, associated with hornblende and quartz (probablj the samo 
rock with thiit here under discussion), which cleaves like albite, but 
which is a new and distinct kind, called by him Andcsine. It is allied 
to leucite, with tin* greater proportion of its potash replaced by lime 
and soda. This miuenil seems scarcely distin^ishable from albite, ex- 
cept by analysis. 
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450 miles, I found it under most of the axes of elevation 
in a collection of specimens from the Cordillera of Lima 
in Peru, I immediately recop^ised it; and Erman^ 
states that it occurs in Eastern Kamtschatka. From 
its wide ran^’e, and from the important part it has 
played in the history of the Cordillera, I tliink this 
rock has well deserved its distinct name of Andesite. 

The few still active volcanos in Chile are confined 
to the central and loftiest ranjjfes of the Cordillera ; and 
volcanic matter, suclt as appears to have been of sub- 
aerial eruption, is everywhere rare. According to 
Meyen,^ there is a hill of pumice liigh up the valley 
of the Maypu, and likewise a trachytic formation at 
Colina, a village situated north of St. Jago. Close to 
this latter city, there are two hills formed of a pak^ 
feldspaihic porphyry, remarkable from being doubly 
columnar, great cylindrical columns being subdivided 
into smaller four or five sided ones : and a third hillock 
(Cerro Blanco) is formed of a fragmentary mirs of 
rock, which I believe to be of volcanic origin, ii ^r- 
mediato in character between the above feldspathio 
porphyry and common trachyte, and containing needles 
of hornblende and granular oxide of iron. Near the 
Baths of Cauquenes, between two short pfirallel lines of 
elevation, where they are intersected by the valley, there 
is a small, though distinct volcanic district ; the rock 
is a dark grey (andesitic) tj'achyte, which fuses into 
greenish-grey bead, and is formed of long crystals e’ 
fractured glassy albite (judging from one measurement) 
mingled witli well-formed crystals, often twin, of augito 
The whole mass is vesicular, but the surface is dark 
coloured and much more vesicular than any other 
This trachyte forms a cliflF-bounded, horizontal, nar^ 


* ‘Goograph. Journal,’ vol. ix. p. 510. 

* ‘ Rciso um Ei’do,* Th. 1. s. 338 aud 362. 
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strip on the steep southern side of the valley, at the 
height of 400 or 500 feet above the river-bed ; judging 
from an apparently corresponding line of cliff on the 
northern side, the valley must once have been filled up 
to this height by a field of lava. On the summit of a 
lofty mountain some leagues higher up this same valley 
of the Cachapual, I found columnar pitclistone porphy- 
ritic with feldspar ; I do not suppose this rock to be 
of volcanic origin, and only mention it here, from its 
being intersected by masses and dikes of a vesimlar 
rock, approaching in character to trachyte ; in no other 
part of Chile did T observe vesicular or araygdaloidal 
dikes, though these are so common in ordinary volcanic 
districts. 

Passage of the Ancles by the Portillo or P enqueues 
Pass. 

Although I crossed the Cordillera only once by this 
pass, and only once by that of the Cumbre or Uspallata 
(presently to be described), riding slowly and halting 
occasionally to ascend the mountains, there are many 
circumstances favourable to obtaining a more faithful 
sketch of their structure than would at first be thought 
possible from so short an examination. The mountains 
, are steep and absolutely bare of vegetation ; the [atmo- 
sphere is resplendently clear ; the stratification distinct ; 
and the rocks brightly and variously coloured :''some of 
the natural sections might be truly compared for dis- 
tinctness to those coloured ones in geological works. 
Considering how little is known of the structure of this 
gigantic range, to which I particularly attended, most 
travellers having collected only specimens of the rocks, 
I think my sketch-sections, though necessarily imper- 
fect, possess some interest. ; The section given ill Plate I* 
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fig. 1, which I will now describe in detail, is on a 
horizontal scale of a third of an incli to a nautical mile, 
and on a vertical scale of one inch to a mile or 6,000 
feet* The widtli of the range, (excluding a few out- 
lying hillocks) from the plain on which St. Jago the 
capital of Chile stands, to the Pampas, is sixty miles, as 
far as I can judge from the maps, whicli differ from each 
other and are all exceedingly imperfect. The St. Jago 
plain at the mouth of the Maypu, I estimate from ad- 
joining known points at 2,300 feet, and the Pampas at 
3,500 feet, botl) above the level of the sea. Tlie height 
of the Peuquenes line, according to Dr. Gillies,' is 
13,210 feet; and that of the Portillo line (both in the 
gaps where the road crosses them) is 14,345 feet ; the 
lowest part of the intermediate valley of Tenuyan is 
7,530 feet — all above the level of the sea. 

l"he Cordillera here, and indeed I believe throughout 
Chile, consist of several parallel, anticlinal and uniclinal 
mountain-lines, ranging north, or north with a little 
westing, and south. Some exterior and much lower 
ridges often vary considerably from this course, pro- 
jecting like oblique spurs from the main ranges : in 
the district towards the Pacific, the mountains, as be- 
fore remarked, extend in various directions, even east, 
and west. In the main exterior lines, the strata, as also 
before remarked, are seldom inclined at a high angle ; 
but in the central lofty ridges they are almost always 
highly inclined, broken by many great faults, and often 
vertical. As far as I could judge, few of the ranges are 
of great length : and in the central parts of the Cor- 
dillera, I was frequently able to follow with my eye a 
lidge gradually becoming higher and higher, as the 
stratification increased in inclination, from one end 
where its height was trifling and its strata gently inclined 
* ‘ JoTimal of Nat. and Geograph. Scionce/ August, 1830. 
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to the other end where vertical strata formed snow-clad 
pinnacles. Even outside the main Cordillera, near the 
l>aths of Cauquenes, I observed one such case, where a 
•north and south ridge had its strata in the valley in- 
clined at 37^5 and less than a mile south of it at 67® : 
another parallel and similarly inclined ridge rose at the 
distance of about five miles, into a lofty mountain witli 
absolutely vertical strata. Within the Cordillera, the 
height of the ridges and the inclination of the strata 
often became doubled and trebled in much shorter dis- 
tancies than five miles : this peculiar form of uplieaval 
probably indicates that the stratified crust was thin, 
and hence yielded to the underlying intrusive masses un- 
equall}^, at certain points on the lines of fissure. 

The valleys, by whicli the Cordillera are drained, 
follow the anticlinal or rarely synclinal troughs, which 
deviate most from the usual north and south course ; or 
^till mo ]'0 commonly those lines of faults or of unequal 
curvature (that is, lines witli the strata on both hands 
dipping ill tlie same direction, hut at a somewhat 
different angle) which deviate most from a northerly 
coiuse. Occasionally the torrents run for some distance 
in the nortli and south valleys, and then recover their 
eastern or western course by bursting through the ranges 
at those points where the strata have been least inclined 
and the lieight consequently is less. Hence the valleys, 
along whicli. the roads run, are generally zigzag ; and, 
ill drawing ^an east and west section, it is necessary to 
contract greatly that which is actually seen on the road. 

Commencing at the western end of the coloured 
section [Plate I.] where the K. Maypii debouches on the 
plain of St. Jago, we immediately enter on the por- 
pliyiitic conglomerate formation, and in the midst of 
it find some hummocks [A] of granite and syenite, 
which probably (for I neglected to collect specimens) 

I X 2 
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belong to the andesitic class. Tliese are succeeded by 
some nigged liills [B] of dark-green, crystalline, feld- 
spathic and in some parts slaty rocks, which I be- 
lieve belong to the altered clay-slate formation. From 
this point, great mountains of purplish and greenish, 
generally thinly stratified, highly porphyritic conglo- 
merates, including many strata of amygdaloidal and 
greenstone porphyries, extend up the valley to the 
junction of the rivers Yeso and Volcan, As the valley 
here runs in a very southerly course, the width of the 
poiphyi’itic conglomerate formation is quite conjectural ; 
and from the same cause, I was unable to make out 
much about the stratification. In most of the exterior 
mountains the dip was gentle and directed inwards; 
and at only one spot I observed an inclination as high 
as 50®. Near the junction of the R. Colorado with the 
main stream, there is a hill of whitish, lirecciated, 
partially decomposed feldspathic porphyry, having a 
volcanic aspect but not being really of that nature : at 
Tolla, however, in this valley, Dr. Meyen ^ met with a 
liill of pumice containing mica. At the junction of 
the Yeso and Volcan [D] there is an extensive mass, in 
white conical hillocks, of andesite, containing some 
mica, and passing either into andesitic granite, or into 
a spotted, semi-granular mixture of albitic (?) feldspar 
and hornblende: in the midst of this formation Dr. 
Meyen found true trachyte. The andesite is covered 
by strata of dark-coloured, crystalline, obscurely por- 
phyritic rocks, and above them by the ordinary por- 
phyritic conglomerates, — the strata all dipping away at 
a small angle from the underlying mass. The surround- 
ing lofty mountains appear to ho entirely composed 
of the porphyritic conglomerate, and I estimated its 
thickness here at between 6,000 and 7,000 feet. 

> * Keke uin Erde ’ Th. 1. S8. 338, 341, 
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Beyond the junction of the Yeso and Volcan, the 
porphyritic strata appear to dip towards the hillocks of 
andesite at an angle of 4(f ; hut at some distant points 
on the same ridge they are bent up and vertical. 
Following the valley of the Yeso, trending NE. (and 
therefore still unfavourable for our transverse section), 
the same porphyritic conglomerate formation is pro- 
longed to near the Cuestadel Indio, situated, at the 
western end of the basin (like a drained lake) of Yeso* 
Some way before arriving at this point, distant lofty 
pinnacles capped by coloured strata belonging to the 
great gypseous formation could first be seen. From 
the summit of the Cuesta, looking southward, there is 
a magnificent sectional view of a mountain -mass, at 
least 2,000 feet in thickness [E], of fine andesitic 
gi'anite (containing much black mica, a little chlorite 
and quartz), which semds great white dikes far into the 
superincumbent, dark-coloured, porphyritic conglome* 
rates. At the line of junction the two formations are 
wonderfully interlaced together : in the lovrer part of 
the porphyritic conglomerate, the stratification has 
been (luite oblit(*rated, wdrilst in the uppfu' part it is 
very distinct, the beds composing the crests of the 
surrounding mountains being inclined at angles of 
between 70° and 80°, and some being even vertical. 
On the northern side of tlie valley, there is a great 
corresponding mass of andesitic granite, which is encased 
by porphyritic conglomerate, dipping both on the 
western and eastern sides, at about 80° to west, but on 
the eastern side with the tips of the strata bent in such 
a manner, as to render it probable that the whole mass 
had been on that side thrown over and inverted. 

In the valley-basin of the Yeso, which I estimated 
at 7,000 feet above the level of the sea, we first reach 
at [F] the gypseous formation. Its thickness is very 
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great. It consists in most parts of snow-white, hard,, 
compact gypsum, which breaks with a saccharine frac- 
ture, having translucent edges; under the blowpipe 
gives out mucli vapour; it ficquently includes nests^ 
and exceedingly* thin layers of crystallised, blackish 
carbonate of lime. Large, irregularly shaped concre- 
tions (externally still exhibiting lines of aqneoua 
deposition) of blackish-gray, hut sometimes white, 
coarsely and laillianlly eiystallised, hard anliydrite, 
abound within the common gypsum. Hillocks, formed 
of the hardest and purest varieties of the white gypsum, 
stand up above the surrounding parts, and have tlieir 
surfaces cracked and marked, just like newly ])aked 
bread. There is ^micli pale brown, soft, argillaceous- 
gypsum ; and there were some intercalated green heds- 
which I had not time to reach. I saw only one frag- 
ment of s(‘lenite or transpareTit gypsum, and tlnat 
perhaps may have come from some subsequently formed 
vein. From the mineralogical characters here given, 
it is probable that these gypseous beds have undergone 
some metamoipliie action. The strata are roucli liidden 
by detritus, hut they ap])eared in most pails to he 
highly inclined ; and in an adjoining lofty pinnacle tliey 
could hi) distinctly seen bending up, and becoming 
vertical, conformably with the underlying porphyritic- 
congloineraie. In very many parts of the great moun- 
tain-face [F], composed of thin gypseous beds, there 
were innumerable masses, irregularly shaped and not 
like dikes, yet with well-defined edges, of an imperfectly 
granular, pale greenish or yellowish- white rock, essen- 
tially composed of feldspar, witli a little chlorite or 
hornblende, epidote, iron-pyrites, and ferruginous pow- 
dei" : I believe that these curious trappean masses have 
been injected from the not far distant mountain-mass 
[E] of andesite whilst still fluid, and that owing to the- 
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softness of the gypseous strata they have not acquired 
the ordinary forms of dikes. Subsequently to the 
injection of these feldspathic rocks, a great dislocation 
has taken place ; and the much shattered gypseous 
strata here overlie a hillock [G], composed of vertical 
strata of impure limestone and of black highly calcare- 
ous shale including tlireads of gypsum : these rocks, as 
we shall presently see, belong to the upper parts of the 
gypseous scries, and hence must here have been thrown 
down by a vast fimlt. 

Proceeding up the valley-basin of the Yeso, and 
taking our section sometimes on one hand and some- 
times on the other, we come to a great hill of stratified 
porpliyritic conglomerate [H] dipping at 45^^ to the 
west ; and a few hundred yards farther on, wo have a 
bed between 300 or 400 feet thick of gypsum [I] dip- 
ping eastward at a very higli angle : here then we have 
a fault and anticlinal axis. On the opposite side of 
the valley, a vertical mass of red conglomerate, con- 
formably underlying the gypsum, appears gradually to 
lose * it s stratification and passes into a mountain of 
porphyry. The gypsum [I] is covered by a bed [K], 
at least 1,000 feet in thickness, of a purplish-red, 
compact, heavy, line-gTained sandstone or mudstone, 
which fuses easily into a Avhite enamel, and is seen 
under a lens to contain triturated crystals. This is 
succeeded by a bed [L], 1,000 feet thick (I believe I 
understate tlie thickness) of gypsum, exactly like the 
beds before described; and this again is capped by 
another great bed [M] of purplish-red sandstone. All 
these strata dip eastward ; but the inclination becomes 
less and less, as we leave the first and almost vertical 
bed [I] of gypsum. 

Leaving the basin-plain of. Yeso, the road rapidly 
ascends, passing by mountains composed of the gypseous 
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and associated beds, with their stratification greatly 
disturbed and therefore not easily intelligible: hence 
this part of the section has been left nncolonred. 
Shortly before reaching the great Peuquenes ridge, the 
lowest stratum visible [N] is a red sandstone or mud- 
stone, capped by a vast thickness of black, compact, 
calcareous, shaly rock [0], which lias been thrown 
into foiu‘ lofty, though small ridges : looking northward, 
the strata in these ridges are seen gi*adiial]y to rise in 
inclination, becoming in some distant pinnacles abso- 
lutely vertical. 

The ridge of Peuquenes, wdiich divides the waters 
flowing into the Pacific and Atlantic Oceans, extends in 
a nearly NNW. and SSE. line ; its strata dip eastward 
at an angle of between 30° and 45°, but in tlie biglier 
peaks bending up and becoming almost vertical. Where 
the road crosses this range, the heiglit is 13,210 feet 
above the sea-level, and I estimated tlie neiglibouring 
pinnacles at from 14,000 to 15,000 feet. The lowest 
stratum visible in tljis ridge is a red stratified sandstone 
[P] ; on it are superimposed two gi*eat masst's [(^ and 
S] of black, hard, compact, even having a conchoidal 
fracture, calcareous, more or less laminated shale, pass- 
ing into limestone : tins rock contains organic remains, 
presently to be enumerated. The compacter varieties 
fuse easily in a white glass ; and tins I may add is a 
very general character with all the sedimentary beds in 
the Cordillera: although this rock wdien broken is 
generally quite black, it everywhere weatliers into an 
ash-gray tint. Between these two great masses [(J and 
S], a bed £E] of gypsum is interposed, about 300 feet 
in thickness, and having the same characters as hereto- 
fore described. I estimated the total thickness of these 
three beds [Q, E, S] at nearly 3,000 feet ; and to this 
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must be added, as will be immediately seen, a great 
overlying mass of red sandstone. 

In descending the eastern slope of tliis great central 
range, the strata, which in the upper part dip eastward 
at about an angle of 40°, become more and more curved, 
till they are nearly vertical ; and a little farther onwards 
there is seen on the farther side of a ravine, a thick 
mass of strata of bright rod sandstone [T], with their 
upper extremities slightly curved, showing tliat they 
were once conformably prolonged over the beds [S] : 
on the southern and opposite side of the road, this red 
sandstone and the underlying Idack shaly rocks stand 
vertical, and in actual juxtaposition. (k)nt inning to 
descend, we come to a synclinal valley filled with 
rubbish, beyond which we have the red sandstone [T 
corresponding with [T], and now dipping, as is seen 
both north and south of the road, at 45° to the west ; 
and under it, the beds [8 % R ^ Q ^ and I b(‘lieve V 2 ] 
in corresponding order and of similar composition, with 
those on the western flank of the Peiiquenes range, but 
dipping westward. Close to the synclinal valley the 
dip of these strata is 45°, but at tbe eastern or fartber 
end of the scries it increases to 60°. Here the great 
gypseous formation abruptly terminates, and is suc- 
ceeded eastward by a ]jile of more modern strata. 
Considering how violently these central ranges have 
been dislocated, and how very nuraerons dikes are in 
the exterior and lower parts of the Cordillera, it is 
remarkable that I did not here notice a single dike. 
The prevailing rock in this neighbourhood is the black, 
ijalcareous, compact shale, whilst in the valley-basin of 
the Yeso the purplish red sandstone or mudstone pre- 
dominates, — ^both being associated with gypseous strata 
of exactly the same nature. It would be very difficult 
to ascertain the relative superposition of these several 
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masses, for we shall afterwards see in the Cumbre Pass 
that the gypseous and intercalated beds are lens-shaped, 
and that tliey thin out, even where very thick, and 
disappear in short horizontal distances : it is quite 
possible that the black shales and red sandstones may 
be contemporaneous, but it is more probable that the 
former compose the uppermost parts of the series. 

The fossils above alluded to in the black calcareous 
shales are few in number, and are in an imperfect 
condition ; they consist, as named for me by M.. d'Or~ 
bigny, of — 

1. Aminonilo, indctormi liable, near to D’Orbi^. ‘Pal. 

Pranc.’ (ISeocomiari formation). 

2. Gryphrea, near to (i. Couloni (Koocoraian formations of Franco and 

Ncuiclijitcl.) 

3. Natica, indoterminalile. 

4. Cyprina rostrata, P’Orbig. ‘ Pal. Franc.’ (Neoconiian formation). 

Rostellaria angidosa (?) i)’Orbi<5. * Pal. do I’Amer. M{'r.’ 

6. Terebratula? 

Some of the fragments of Ammonites were as thick 
as a man’s arm : tbe Gryphsea is much the most 
abundant shell. These fossils M. d’Orbigny considers- 
as belonging to the Neocornian stage of the Cretaceous 
system. Dr. Meyeu,^ who ascended the valley of the 
Ilio Vulcan, a bi'anch of tlie Yeso, found a nearly 
similar, but apparently more calcareous formation, witli 
mucli gypsum, and no donbt tlie equivalent of that 
here described ; the bedvS were vertical, and were pro- 
longed up to tile limits of perpetual snow : at the height 
of 9,000 feet above the sea, tliey abounded with fossils, 
consisting, according to Von Biich,*^ of — 

1. Exogvra ((irypluru) Coiibmi, nbsolntely identical with Rpccimons 

from the Jura and Sfmtli of France. 

2. Trigonia costatn., 1 identical with those found in the upper 

3. Pecten .striat.ns, j Jurassic beds at Hildeshtnm. 

* * Reise urn Erde/ Th. 1. e. 365. 

2 * Besoript. Phys. des lies Canarios/ p. 471. 
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4, ChictillsDa, corresponding in form to C* longirostris, so frequent in* 
the upper Jumssic beds of Westphalia. 

6. Ammonites, resembling A, hiplex. 


Von Buch concludes that this formation is intermediate 
between the limestone of the Jura and the chalk, and 
that it is analogous with the uppermost Jurassic beds 
forming the plains of Switzerland* Hence M. d’Orbigny 
and Von Bucli, under different terms, compare these 
fossils to those from the same late stage in the Secondary 
formations of Europe. 

Some of the fossils which I collected were found a 
good way down the western slope of the main ridge, 
and hence must originally have been covered up by a 
great thickness of tlie black slialy rock, independently 
of the now denuded, thick, overlying masses of red 
sandstone. I neglected at the time to estimate how 
many hundred or j*ather thousand feet tliick the 
isuperincuiuhent strata must liave been : and I will 
not now attempt to do so. This, however, would have 
been a highly interesting point, as indicative of a great 
amount of subsidenc*e, of which we shall hereafter find 
in other parts of tlie (')ordillera analogous evidence 
during this same ])eriod. The altitude of the Peu- 
quenes Range, considering its not great antiquity, is 
very remarkable ; many of the fossils were en\])odded at 
the height of 13,210 feet, and the same beds are pro- 
longed up to at least from 14,000 to 15,000 a])ove the 
level of the sea. 

The Foriillo or Eastern CJuiin , — The valley of 
Tenuyan, separating the Peiiquenes and Portillo lines, 
is, as estimated by Dr. (lillios and myself, ahout^ twenty 
miles in width ; the lowest part, where the road crosses 
the river, being 7,500 feet above the sea-level. The 
pass on the Portillo line is 14,365 feet high (1,100 feet 
higher than that on the Peuqiienes), and the neigh- 
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bouring pinnacles must, I conceive, rise to nearly 16,000 
feet above the sea. The river draining the intermediate 
valley of Teuiiyan, passes through the Portillo line. 
To return to our section : — shortly after heaving the 
lower beds [P of the gy|)seous formation, we come to 
grand masses of a coarse, red conglomerate [V], totally 
unlike any strata hitherto seen in the Cordillera. This 
conglomerate is distinctly stratified, some of the beds 
being well defined by the greater size of the pelhles : the 
cement is calcareous and sometimes crystalline, though 
the mass shows no signs of having been metamorphosed. 
The included pebbles are either perfectly or only par- 
tially rounded ; tliey consist of purplisli sandstones, of 
various porphyries, of brownish limestone, of black 
calcareous, com])act shale precisely like that in situ in 
the Peinjuenes range, and coutulniwj of the 8(tiiie 
fossil shells; also very many pebbles of quartz, some of 
micaceous schist, and numerous, broken, rounded crys- 
tals of a reddish oiHutic or potash feldspar (as deter- 
mined by Professor Miller), and these fr»>in their size 
must have been derived from a coarse-grained rock, 
probably granite. From this feldspar being orthitic, 
and even from its external appearance, I venture posi- 
tively to affirm that it has not been derived from the 
rocks of the western ranges ; but, on the other hand, 
it may well have come, together with the quartz and 
metamorphic schists, from the eastern or Portillo line, 
for this line mainly consists of coarse orthitic granite. 
The pebbles of the fossilifiuous slate and of the purple 
sandstone, certainly have been derived from the Peu- 
quenes or western ranges. 

The road crosses the valley of Tenuyan in a nearly 
east and west line, and for several miles we have on 
both hands the conglomerate, everywhere dipping west 
and forming separate great mountains. The strata. 
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where first met with, after leaving the gypseous forma- 
tion, are inclined westward at an angle of only 20% 
which farther on increases to about 45^ The gypseous 
strata, as we have seen, are also inclined westward: 
hence, when looking from the eastern side of the valley 
towards the Peuquenes range, a most deceptive appear- 
ance is presented, as if the newer beds of conglomerate 
dipped directly under the much older bods of the 
gypseous formation. In the middle of the valley, a 
bold mountain of unstratified lilac-coloured porphyry 
(with crystals of hornblende) projects ; and farther on, 
a little south of tlie road, there is another mountain, 
with its strata inclined at a small angle eastwards, which 
in its general aspect and colour, resembles the ]>orphy- 
ritic conglomerate formation, so rare on this side of the 
Peuquenes line and so grandly developed throughout 
the western rangers. 

The conglomerate is of great thickness : I do not 
suppose that the strata forming tlu^ separate mountain- 
masses [V, y, V] have ever been prolonged over each 
other, but that one mass has been broken up by several, 
distinct, parallel, uniclinal lines of elevation. Judging 
therefore of the thickness of the conglomerate, as seen 
in the sey)arate mountain-masses, I estimated it at least 
from 1,500 to 2,000 feet. The lower beds rest con- 
formably on some singularly coloured, soft strata [NV], 
which 1 could not reacli to examine ; and these again 
rest conformably on a. thick mass of micaceous, thinly 
laminated, siliceous sandstone [X], associated with a 
little black clay-slate. These lower beds are traversed 
by several dikes of decomposing porphyry. The lami- 
nated sandstone is dir(*ctly superimposed on the vast 
masses of gi*anite [Y, Y] which mainly compose the 
Portillo range. The line of junction between this 
latter rock, which is of a bright red colour, and the 
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'whitish sandstone was beautifully distinct; the sand- 
stone being penetrated by numerous, great, tortuous 
dikes branching from the granite, and having l>een 
■converted into a granular quartz rock (singularly like 
that of the Falkland Islands), containing specks of an 
ochery powder, and black crystalline atoms, apparently 
■of imperfect mica. The quartzose strata in one spot 
were folded into a regnlar dome. 

The gTanite which composes the magnificent bare 
pinnacles and the steep western flank of the Portillo 
■chain, is of a brick-red colour, coarsely crystallized, and 
composed of orthitic or potash feldspar, quartz, and im- 
perfect mica in small quantity, sometimes passing into 
chlorite. These minerals occasionally assume a laminar 
or foliated an'angement. The fact of the feldspar lieing 
orthitic in this range, is very remarkable, considering 
how rare, or rather, as I believe, entirely absent, this 
mineral is throughout the western ranges, in which 
soda-feldspar, or at least a variety cleaving like albite, 
is so extremely abundant. In one spot on the western 
flank, and on the eastern flank near Los Manantiales 
■and near the crest, I noticed some great masses of a 
whitish granite, parts of it fine-grained, and parts con- 
taining large crystals of feldspar ; I neglected to collect 
specimens, so I do not know -whether this feldspar is 
also orthitic, though I am inclined to think so from its 
.general appearance. I saw also some syenite and one 
mass which resembled andesite, but of which I likewise 
neglected to collect specimens. From the manner in 
which the whitish granites formed separate mountain- 
masses in the midst of the brick-red variety, and from 
one such mass near the crest being traversed by nume- 
rous veins of flesh-coloured and greenish eurite (into 
which I occasionally observed the brick-red granite 
insensibly passing), I conclude that tlie white granites 
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probably belong to an older formation, almost over- 
whelmed and penetrated by the red granite. 

On the crest I saw also, at a short distance, some 
coloured stratified beds, apparently like those [W] at 
the western base, but was prevented examining them 
by a snow-storm : Mr. Caldcleugb,^ liowever, collected 
liere specimens of ribboned jasper, magnesian lime- 
stone, and other minerals. A little way down the 
eastern slope a few fragments of quartz and mica-slate 
are met with ; but the gi*eat formation of this latter 
rock [Z], which covers up much of the eastern flank 
and base of the Portillo range, cannot be conveniently 
examined until much lower down at a place called Mai 
Paso. The mica-schist here consists of thick layers 
of qriartz, with intervening folia of finely-scaly mica, 
often passing into a substance like black glossy clay- 
slate in one spot, the layers of quartz having disap- 
peared, the whole mass l>ecame convert, oil into glossy 
clay-slate. Where the folia were best defined, they 
were inclined at a liigh angle westward, that is, towards 
the range. The line of junction l)ctween the dark 
mica-slate and the coarse red granite was most clearly 
distiiignishahle from a vast distance : the granite sent 
many small veins into the mica-slate, and included 
some angular fragments of it. As the sandstone on the 
western base has been converted by the red gi'anite into 
a granular quartz-rock, so this great formation of mica- 
schist may possibly have been metamorpliosed at the 
«ame time and by the same means ; hut I think it 
more prol)abl6, considering its more perfectr metamor- 
phic character and its well-pronounced foliatic^, tliat it 
belongs to an anterior epoch, connected with the white 
granites : I am the more inclined to this view, from 
having found at the foot of the range the mica-schist 
* * Travel?,* &c., voL p. 308, 
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sTirroimdiTig a hummock [Y exclusively composed ot 
white granite. Near Los Areuales, the mountains on 
all sides are composed of the mica-slate ; and looking 
backwards from this point up to the bare gigantic 
peaks above, the view was eminently interesting. The 
colours of the red granite and the black mica-slate are 
so distinct, that with a bright light these rocks could 
readily distinguished even from the Pampas, at a 
level of at least 9,000 feet below. Tht^ red gTanite, 
from being divided by parallel joints, has weathered 
into sliarp pinnacles, on some of which, even on some 
of the loftiest, little caps of mica-schist could lx* clearly 
seen : here and there isolated patches of this rock 
adhered to the mountain-flanks, and these often coiTe- 
s{)onded in height and position on the opposite sides of 
the immense valleys. Lowc^r down the scliist prevailed 
more and more, with only a few quite small points of 
granite projecting tlrrough. Looking at- the entire 
eastern face of the Portillo range, the red colour far 
exceeds in area the black ; yet it was scarcely possibh^ 
to doubt that the gTanite had once Ixen almost wholly 
encased by the mica-scliist. 

At Los Arenalcs, low down on the eastern flank, the 
mica-slate is traversed by 8cvt*ral closely adjoining, 
broad dikes, parallel to each other and to the fJiation 
of the scliist. The dikes arti formed of tliree diffenmt 
varieties of rock, of which a pale brown feldspathic 
porphyjy with grains of quaid-z was much the most 
abundant. Tliese dikes with their granules of quartz, 
as well as the mica-schist itself, strikingly nisemble the 
rocks of the Chonos Archipelago, At a height of about 
1,200 feet alwe the dikes, and jxrhaps connected with 
them, there is a range of cliffs formed of successive 
lava-streams [A A], btitween 300 and 400 feet in thick- 
ness, and in places finely columnar. . The lava consists 
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of dark-grayish, harsh rocks, intermediate in character 
between trachyte and basalt, containing glassy feldspar, 
olivine, and a little mica, and sometimes amygdaloidal 
with zeolite : the basis is either quite compact, or crenii- 
lated with air-vesicles arranged in laminae. The 
streams are separated from each other by beds of frag- 
mentary brown scoriae, firmly cemented together, and 
including a few well-rounded pebbles of lava. From 
their general appearance, I suspcjct that these lava- 
streams flowed at an ancient period under the pressure 
of the sea, wlien the Atlantic covered the Pampas and 
washed the eastern foot of the Cordillera.' On the 
opposite and northern side of the valley there is another 
line of lava-cliflfs at a corresponding height ; the valley 
between being of considerable breadth, and as nearly as 
I could estimate 1,500 feet in depth. This field of 
lava is confined on both sides by the mountains of 
mica-scdiist, and slopes down rapidly l:>ut irregularly to 
the edge of the Pampas, where, having a thickness of 
about 200 feet, it terminates against a little range of 
clay-stone porphyiy. The valley in this lower part 
expands into a bay-like, gentle slope, bordered by the 
cliffs of lava, which must certainly once have extended 
across this wide expanse. The inclination of the 
streams from Los Arenales to the mouth of the valley is 
so great, that at the timci (though ignorant of JM. Elie 
de Beaumont’s researches on the extremely small slope 
over which lava can flow, and yet retain a compact 
structure and considerable thickness) I concluded that 
they must subsequently to their flowing have been 

’ This conclusion might, perhaps, even have been anticipated, from 
the general rarity of volcanic action, except near the sea or large bodies 
of water. Conformably -with this rule, nt the present day, there are no 
active volcanos on this eastern side of the Cordillera ; nor are severe 
earthquakes experienced here. 
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upheaved and tilted from the mountains : of this con- 
clusion I can now entertain not the smallest doubt. 

At the mouth of the valley, within tlie cliffs of tlie 
above lava-field, there are remnants, in the form of 
separate small hillocks and of lines of low cliffs, of a 
considerable deposit of compact white', tuff (quarried for 
filtering-stones), composed of broken pumice, volcanic 
crystals, scales of mica, and fragineirts of lava. This 
mass has suffered mucdi denudation, and the hard mica- 
schist has In^en deeply worn, since the period of its 
deposition ; and this period must have ])oen subsequent 
to the denudation of the basaltic lava-streams, as at- 
tested by their encircling cliffs standing at a liigher 
level. At the present day, under the exivsting arid 
climate, agCvS might roll past wiihout a scpiare yard of 
rock of any kind being denuded, except perhaps in the 
rarely moistened drainage-channel of the valley. Must 
we then look back to that ancient periofl, when the 
waves of the sea beat against the eastern foot of the 
(Jordillera, for a power sufficient to denude extensively, 
though superficially, tins tiifaceous deposit, soft al- 
though it be ? 

There remains only to mention some little water- 
worn hillocks [I? B], a few hundred feet in heiglit, and 
mere mole-hills comxiared with the gigantic mountains 
behind them, which rise out of the sloping, shingle- 
covered margin of the Pampas. The first little range 
is composed of a brecciated pm*ple porpbyritic; clay- 
stone, with obscurely marked strata dipping at 70 ® to 
the SW. ; the otlier ranges consist ofi-a pale-coloured 
feldspathic porphyry, a purple clay-stone porphyry 
with grains of quartz, and a rock almost exclusively 
composed of brick^red crystals of feldspar. These 
outermost small lines of elevation extend in a NW. ])y 
W. and SE, by H, direction. 
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The Portillo Range. 

Coricludincf Remarks on the Portillo Range . — ^Wheu 
on the Pampas and looking southward, and whilst travel^ 
ling northward, I could see for very many leagues the 
red granite and dark mica-schist forming the crest and 
eastern flank of the Portillo line. This great range, 
according to Dr. (xillies, can he traced with little inter- 
ruption for 140 miles southward to the E. Diamante, 
where it unites with the western ranges : northward, 
according to this same author, it terminates where the 
E. Mendoza debouches from the mountains ; but a 
little farther north in the eastern pai*t of tlie Cumbre 
section, there are, as we sJiall hereafter see, some 
mountain-masses of a brick-red porpliyry, the last in- 
jected amidst many other porphyries, and having so 
close an analogy with the coarse red granite of the Por- 
tillo line, that I am tempted to believe that they belong 
to the same axis of injection ; if so, the Portillo line is 
at least 200 miles in length. Its height, even in the 
lowest gap on the road, is 14,365 feet, and some of the 
pinnacles apparently attain an elevation of about 
16,000 feet above the sea. The geological liistory of 
this grand chain appears to me eminently interesting. 
We may safely conclude, that at a former period the 
valley of Tc^uuyan existed as an arm of the sea, about 
twenty miles in width, bord(Ted on one hand by a ridge 
or chain of islets of the black calcareous shales anl 
purple sand-tones of the Gypseous formation ; and on 
the other hand, by a ridge or chain of islets composed 
of mica-slate, white granite, and perhaps to a partial 
extent of red granite. Tliese two chains, whilst thus 
bordering the old sea-channel, must have been exposed 
for a vast lapKse of time to alluvial and littoral action, 
during which the rocks were sliattered, the fragments 
rounded, and the strata of conglomerate^ accumulated 
to a thickness of at least 1,500 or 2,000 feet. The 

K K 2 
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red orthitic granite now forms, as we have seen, the 
main part of the Portillo chain : it is injected in dikes 
not only into the mica-schist and white granites, but 
into the laminated sandstone, which it has metamor- 
phosed, and which it has thrown off, together with the 
conformably overlying coloured beds and stratified 
c^ glomerate^, at an angle of forty-five degrees. To 
have thrown off so vast a pile of strata at this angle, 
is a proof that the main part of the red granite, 
(whether or not portions, as perhaps is probable, 
previously existed) was injected in a liquified state after 
the accumulation both of the laminated sandstone and 
of the conglomerate ; this conglomerate, we know, was 
accumulated, not only after the deposition of the fossil- 
iferous strata of the Peuquenes line, but after their 
elevation and long-continued denudation : and these 
fossiliferous strata belong to the early part of the 
Cretaceous system. Late, therefore, in a geological 
sense, as must be the age of the main part of the red 
granite, I can conceive nothing more impressive than 
the eastern view of this great range, as forcing the mind 
to grapple with the idea of the thousands of thousands 
of years requisite for the denudation of the strata 
which originally encased it, — ^for that the fluidified 
granite was once encased, its mineralogical composition 
and structure, and the bold conical shape of the moun- 
tain-masses, yield sufficient evidence. Of the encasing 
strata we see the last vestiges in the coloured beds on 
the crest, in the little caps of mica-schist on some of 
the loftiest pinnacles, and in the isolated patches of this 
same rock at corresponding heights on the now bare and 
steep flanks. 

The lava-streams at the eastern foot of the PortiUo 
are interesting, not so much from the great denudation 
which they have suffered at a comparatively late period 
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as from the evidence they afford by their inclination 
taken conjointly with their thickness and compactness, 
that after the great range had assumed its present 
general outline, it continued to rise as an axis of eleva- 
tion. The plains extending from the base of the 
Cordillera to the Atlantic show that tlie continent has 
been upraised in mass to a height of 3,500 feet, and 
probably to a much greater height, for the smooth 
shingle-covered margin of the Pampas is prolonged in a 
gentle unbroken slope far up many of the great valleys. 
Nor let it be assumed that the Peuquenes and Portillo 
ranges have undergone only movements of elevation ; 
for we shall hereafter see, that tlie bottom of the sea 
subsided several thousand feet during tlie deposition of 
strata, occupying the same relative place in the Cor- 
dillera, with those of the Peuijuenes ridge ; moreover, 
we shall see from the unequivocal evidence of buided 
upright trees, tliat at a somewhat later period, during 
the formation of the Uspallata chain, which corresponds 
geographically with that of the Portillo, there was 
another subsidence of many thousand feet : here, in- 
deed, in the valley of Tenuyan, the accumulation of the 
coarse stratified conglomerate to a thickness of 1,500 
or 2,000 feet, offers strong presumptive evidence of 
subsidence ; for all existing analogies lead to the belief 
that large pebbles can be transported only in shallow 
water, liable to be affected by currents and movements 
of undulation — and if so, the shallow bed of the sea on 
which the pebbles were first deposited must necessarily 
have sunk to allow of the accumulat ion of the super- 
incumbent strata. What a history of changes of level, 
and of wear and tear, all since the age of tlie latter 
Secondary formations of Europe, does the structure of 
this one great mountain-chain reveal ! 
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Passage of the Andes by the Cumbre or Uspallata 
Pass. 

This Pass crosses the Andes about sixty miles north 
of that just described: tlie section given in Plate I* 
fig, 2, is on the same scale as before, namely, at one- 
third of an inch to a mile in distance, and one inch to 
a mile (or 6,000 feet) in heiglit. Like the; last section, it 
is a mere sketeli, and cannot pretend to accuracy, tliough 
made under favourable circumstances. We will com- 
mence as before, with tlie western Ijalf, of wliich the 
main range bears the name of tlie Cumbre (that is the 
Eidge), and corresponds to the Peucpiencs line in the 
former section ; as does the Uspallata rangt^, though on 
a much smaller scale, to lliat of the Portillo. Near the 
point where tlie river Aconcagua debouches on the basin 
plain of the same name, at a heiglit of about 2,300 feet 
above tlie sea, we meet with tlie usual jjiir}>le and 
greenisi) porphyritic clay-stone conglomerate. Beds of 
this natui’e, alternating with numerous compact and 
amygdaloidal porphyries, whicli have flowed as sub- 
marine lavas, and associated with great mountain- 
masses of Various, injected, noii-st ratified 'porphyries, 
are prolonged tlui wholes distance up to tlie Cumlire or 
central ridge. One of the commonest stratified por- 
phyries is of a gi*cen colour, highly amygdaloidal with 
the various minerals descrilied in tlie preliminary dis- 
cussion, and including fine tabular crystals of alliite. 
The mountain-range norili (often with a little westing) 
and south. The stratification, wherever I could clearly 
distinguish it, was inclined westward or towards the 
Pacific, and, except near the Cumbre, seldom at angles 
above 25^. Only at one sfiot on this westc^rn side, on a 
lofty pinnacle not far from the Cmnbre, I saw strata 
apparently belonging to the Gypseous formation, and 
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conformably capping? a pile of stratified porphyries. 
Hence, botli in composition and in stratification, the 
structure of the mountains on this western side of 
the divortiiim aquarura^ is far more simple than in the 
corresponding of the Peuquenes section. In the 
porphyritic clay-stone conglomerate, the mechanical 
structure and the planes of stratification have generally 
been much obscured and even quite obliterated towards 
the base of the sei'ies, whilst in the upper parts, near 
the summits of the mountains, both are distinctly dis- 
played. In these upper portions the porphyries are 
generally lighter coloured. Jn three places [X, Y, Z] 
masses of andesite are exposed : at [Y], this rock con- 
tained some (jiiarlz, but. the greater part consisted of 
andesitic porphyiy, with only a tew well-developed crys- 
tals of albite, and forming a great white mass, having 
the external aspect of granite, capped by much dark 
imstratified porpliyry. In many parts of the moun- 
tains, iherci are dikes of a. green colour, and other white 
ones, which latter proluably spring from underlying 
masses of andesite. 

The Cumbre, where tlie road crosses it, is, according 
to Mr. .Pcnthind, 12,454 feet above the sea; and the 
neiglibouring peaks, composed of dark purple and 
whitish porphyries, some obscurely stratified with a 
westerly dip, and others without a trace of stratification, 
must exccied 1 3,000 feet in height. Descending the 
eastern slope of the Cumbre, the structure bec^omes very 
coiuplicatod, and generally differs on tlie two sides of 
the east and west line of road and section. First we 
come to a great mass [A] of nearly vertical, Singularly 
contorted strata, composed of highly compact red sand- 
stones, and of often calcareous conglomerate's, and pene- 
trated by green, 3 "ellow, and reddish dikes ; but I shall 
presently have an opportunity of describing in some 
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detail an analogous pile of strata. These vertical beds 
are abruptly succeeded by others [B], of apparently 
nearly the same nature by more metamorphosed, alter- 
nating with porphyries and limestones ; these dip for a 
short space westward, but there has been liere an extra- 
ordinary dislocation, which, on the north side of the 
road, appears to have determined the excavation of the 
north and south valley of the E. de las Cuevas. On 
this northern side of the road, the strata [B] are pro- 
longed till they come in close contact with a jagged 
lofty mountain [D] of dark-coloured, unstratified, in- 
trusive porphyry, where the beds have been more highly 
inclined and still more metamorphosed. This moun- 
tain of porphyry seems to form a short axis of ehivation 
for south of the road in its line, there is a hill [C] 
of porphyritic conglomerate with absolutely vertical 
strata. 

We now come to tlie G-ypseous formation : I will 
first describe the structure of tlie several mountains, and 
then give in one section a detailed account of the nature 
of the rocks. On the north side of the road, which here 
runs in an east and west valley, the mountain of por- 
phyi’y [D] is succeeded by a hill [K] formed of the 
upper gypseous strata tilted, at an angle of between 
70*^ and 80° to the west, hy an uni clinal axis of ovation 
which does not run parallel to the other neighl>ouring 
ranges, and which is of sliort length ; for on tlie soutli 
side of the valley its prolongation is marked only hy a 
small flexure in a pile of strata inclined hy a quite 
separate axis. A little farther on the nortli and south 
valley of Horcones enters at right angles our line of 
section; its western side is bounded by a hill of 
gypseous strata [F], dipping westward at about 45% 
and its eastern side by a mountain of similar strata 
[G] inclined westward at 70% and superimposed by an 
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oblique fault on another mass of the same strata [H], 
also ineUned westward, but at an angle of only about 
30°: the complicated relation of these three masses 
[F, G, H] is explained by the structure of a great 
mountain-range lying some way to the north, in which 
a regular anticlinal axis (represented in the section by 
dotted lines) is seen, with the strata on its eastern side 
again bending up and forming a distinct uniclinal axis, 
of which the beds marked [H] form the lower part. 
This great uniclinal line is intersected, near the Puente 
del Inca, by the valley along which the road runs, and 
the strata composing it will be immediately described. 
On the south side of the road, in the space correspond- 
ing with tlie mountains [E, Fand G], tjie strata every- 
where dip westward generally at an angle of 30°, occa- 
sionally mounting up to 45”, but not in an unbroken 
line, for there are several vertical iaults, forming 
separate uniclinal masses, all dipping in the , same 
direction, — a form of elevation common in the Cordil- 
lera. We thus see that within a narrow space, the 
gypseous strata have been unheaved and crushed to- 
gether by a great uniclinal, anticlinal, and one lesser 
uniclinal line [E] of elevation ; and that between these 
three lines and the Cuinbro, in the sandstones, con- 
glomerates and porphyritic formation, there have been 
at least two or three other great elevatory axes. 

Tlie uniclinal axis [I] intersected near the Puente 
del Inca * (of which the strata at [H] form a part) 


* At this place, there are some hot and cold springs, the warmest 
haTing a temperature, according to Lieut, llrand (‘Travels/ p. 240), of 
91”; they emit much gas. According to Mr. Urando, ofihe Koyal 
Institution, ten cubical inches contain forty«five grains of solid matter, 
consisting chiefly of salt, gypsum, carhonute of lime, and oxide of iron. 
The witer is charged with carbonic acid and sulphuretted hydrogen. 
These sj)rings deposit much tufa in the form of spherical balls. They 
burst forth, as do those of Cauqiienos, and j)robably those of Villa 
Vicencio, on a line of elevation. 
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ranges N. by W. mid S. by forming a chain of 
mountains, apparently little inferior in height to the 
Cumbre : the strata, as we have seen, dip at an average 
angle of 30° to the west. The flanks of the mountains 
are here quite bare and steep, affording an excellent 
section ; so that I was able to inspect the strata to a 
thickness of about 4,000 feet, and could clearly dis- 
tinguish their general nature for 1,000 feet higher, 
making a total thickness of 5,000 feet, to which must 
be added about 1,000 feet of tlie inferior strata seen a 
little lower down the valley. I will describe this one 
section in detail, beginning at the bottom. • 

1st. The lowest mass is tlie altered clay-slate des- 
cribed in tlie preliminary discussion, and wdiich in this 
line of section was here first met with. Lower down 
the valley, at the It. de las Vacas, I had n b(4t(‘r oppor- 
tunity of examining it ; it is there, in some }>arts well 
characterised, having a distinct, nearly vertical, tortnous 
cleavage, ranging NW. and SE., and intersected by 
quartz veins: in most parts, ho wtwer, it is crystalline 
and feldspatliic, and passes into a true greenstone often 
including grains of quartz. TJic clay-slate, in its upper 
half, is frequently brecciat.(;d, the em]»edded angular 
fragments being of nearly the same nature with the 
paste. 

2nd. Several strata of purplish porphyritic con- 
glomerate, of no Ycry great thickness, rest conforma})ly 
upon the felds23al]uc slate. A thick bed of fine, purple, 
clay-stone porjdiyry, obscurely brecciated not 

of metamorphosed sedimentary origin), and capj^ed 
by i)orpbyritic conglomerate, was the lowest bed 
actually examined in this section at the Puente del 
Inca. 

3rd. A stratum, eighty feet thick, of hard and very 
compact impure whitish limestone, weathering bright 
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red, with included layers hrecciated and re^cemented. 
Obscure marks of shell are distinguishable in it. 

4th. A red, quartzosc, fine-grained conglomerate, 
with grains of (juartz, and with patches of white earthy 
feldspar, apparently due to some process of concretionaiy 
crystalline action : this bed is more compact and 
metamorphosed than any of the overlying conglome- 
rates. 

5th. A whitish clierty limestone, with nodules of 
blueish argillaceous limestone. 

Gill. A white conglomerate, with many particles of 
quartz, almost blending into the paste. 

7th, Highly siliceous, fine-graincKl white sand- 
stone, 8 til and 9th. lied and white beds not ex- 
amined. 

10th. Yellow, fine-grained, thinly stratified, mag- 
nesian (judging from its slow^ dissolution in acids) lime- 
stone: it. includes some white cpiartz pebbles, and little 
cavities, lined with calcareous spar, some retaining the 
form of sliells. 

lltii. A bed between twenty and thirty feet thick, 
quite conformable with the underlying ones, composed 
of a hard basis, tinged lilac-gray porphyritic with 
crystals of whitish feldspar, with black mica 
and little spots of soft fcrriiginous matter: evidently a 
subinaririo lava. 

12th. ^Ydlow magnesian limestone, as before, part- 
stained purple. 

13th. A most singular rock; basis piu’plish gray, 
obscurely, caystalline, easily fusible ini-o a dark green 
glass, not hard, thickly speckled with crystals more or 
less perfect of white carbonate of lime, of red hydrous 
oxide of iron, of a white and transparent mineral like 
analcime, and of a green opaque mineral like soap-stone ; 
the basis is moreover amygdaloidal witlj many spherical 
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balls of white crystallised carbonate of lime, of which 
some are coated with the red oxide of iron. I have no 
doubt, from the examination of a superincumbent 
stratum (19), that this is a submai-ine lava; though in 
Northern Chile, some of the metamorphosed sedimentary 
beds are almost as crystalline, and of as varied com- 
position. 

14th. Red sandstone, passing in the upper part into 
a coarse, hard, red conglomerate, 300 feet thick, having 
a calcareous cement, and including grains of quartz and 
broken crystals of feldspar ; basis infusible; tlie pebbles 
consist of dull purplish porphyries, with some of quartz, 
from the size of a nut to a man’s head. This is the 
coarsest conglomerate in tliis part of the Cordillera : in 
the middle there was a white layer not examined. 

loth. Grand thick bed, of a very hard, yellowish- 
white rock, with a crystalline feldspathic base, including 
large crystals of white feldspar, many little cavities 
mostly full of soft ferruginous matter, and numerous 
hexagonal plates of black mica. The u])per part of 
this great bed is slightly cellular ; the lower part 
compact : the tliickn ess varied a little in different parts. 
Manifestly a submarine lava; and is allied to bed 11. 

16th and 17th. Dull purplish, calcareous, fine- 
grained, compact sandstones, which pass into coarse 
white conglomerates with numerous particles of (piartz. 

18th. Several alternations of red conglomerate, 
purplish sandstone, and submarine lava, like that singu- 
lar rock forming bed 13. 

19th. A very heavy, compact, greenish-black stone, 
with a fine-grained obviously crystalline basis, contain- 
ing a few specks of white calcareous spar, many specks 
of the crystallised hydrous red oxide of iron, and some 
specks of a green mineral ; tliere are veins and nesTs 
filled with epidote : certainly a submarine lava. 
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20th, INIany thin strata of compact, fine-giained, 
pale purple sandstone. 

21st. Gypsum in a nearly pure state, about 300 feet 
in thickness : this bed, in its concretions of anhydrite 
and layers of small blackish crystals of carbonate of 
lime, exactly resembles the great gypseous beds in the 
Peuquenes range. 

22nd. Pale purple and reddish sandstone, as in bed 
20 : about 300 feet in thickness. 

23rd. A thick mass composed of layers, often as 
thin as paper and convoluted, of pure gypsum with 
others very impure, of a purplish colour, 

24th. Pure gypsum, thick mass. 

25th. Ked sandstones, of great thickness. 

2Gth. Pure gypsum, of great thickness. 

27th. Alternating layers of pure and impure gypsum, 
of great thickness. 

I was not able to ascend to these few last great 
strata, which compose the. neighbouring loftiest pinna- 
cles. The thickness, from the lowest to the uppermost 
bed of gypsum, cannot be less than 2,000 feet : the beds 
beneath I estimated at 3,000 feet, and this does not 
include either the lower parts of the porphyritic conglo- 
merate, or the altered clay-slate ; I conceive the total 
thickness must be about 6,000 feet. I distinctly 
observed that not only the gypsum, but the alternating 
sandstones and conglomerates were lens-shaped, and 
repeatedly thinned out and replaced each other : thus 
in the distance of almit a mile, a bed 300 feet thick of 
sandstone between two beds of gypsum, thinned out to 
nothing and disappeared. The lower part of this section 
differs remarkably, — in the much greater diversity of 
its mineralogical composition, — in the abundance of 
calcareous matter, — in the greater coarseness of some 
of the conglomerates, — and in the numerous particles 
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and well rounded pebbles, sometimes of large size; of 
quartz, — from any other section hitherto described in 
Chile. From these peculiarities, and from the lens- 
form of the strata, it is probable that this great pile of 
strata was accumulated on a shallow and very uneven 
bottom, near some pre-existing land formed of various 
porphyries and quartz-rock. The formation of por- 
phyritic clay-stone conglomerate does not in this section 
attain nearly its ordinary thickness ; this may be jxivtly 
attributed to the metamorphic action having been here 
much less energetic than usual, though the lower beds 
have been affected to a certain degree. If it had been 
as energetic as in most other parts of Cl die, many of 
the beds of sandstone and conglomerate, containing 
rounded masses of porphyry, woxdd doubtless have been 
converted into porphyritic conglomerate; and these 
would have (iltemated witli, and even blended into, 
crystalline and porphyritic stniia without a trace of 
mechanical structure, — namely, into those wluch, in the 
present state of the section, Ave see are unqnestionaldy 
submarine lavas. 

The beds of gypsum, together with tlie red alternat- 
ing sandstones and conglomerates, presomt so perfect 
and curious a resemblance with those seen in our former 
section in the basin-valley of "^’’eso, that I cannot doubt 
the ident ity of the two formations : I may add, that a 
little westAvard of the P. del Inca, a mass of gypsum 
passed into a fine-grained, ha.rd, hrown sandstone, Avhich 
contained some layers of black, calcareous, compact, 
shaly rock, precisely like that seen in sucli vast masses 
on the Peuqnenes range. 

Near the Puente del Inca, numerous fragments of 
limestone, containing some fossil remains, were scattered 
on the ground : these fragments so perfectly resemble 
the limestone of bed No, 3, in which I saw impressions 
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of shells, that I have no doubt they have fallen from it* 
The yellow magnesian limestone of bed No. 10, which 
also includes traces of shells, has a different appearance. 
These fossils (as named by M. d’Orbigny) consist of — 

Gryph«ja, wear to G. Couloni (Neocomian formation). 

Area, perhaps A. Gabrielis, d’Orbig. * Pal. Franc,’ (Neocomian for- 
mation j. 

Mr, Pentland made a collection of shells from this 
same spot, and Von Buch * considers them as consisting 
of — 

Trigonia, resoinfling in form T. costata, 

Pholadomya, liko one found by M. Dufresnoy near Alon 9 on. 
Isocardia cxceutrica, Voltz., identical with that from the Jura. 

Two of these shells, namely, the Gryphcea and 
Trigonia, appear to be identical with species collected 
by Meyen and myself on the Peuquenes range ; and in 
the opinion of Von Buch and M. d'Orbigny, the two 
formations belong to the same ago, I must here add, 
that Professor E. Forbes, who has examined my speci- 
mens from this place and from the Peiupienes range, 
has likewise a strong impression that they indicate the 
Oetaceous period, and probably an early epoch in it : 
so that all tlu.‘ paloEiontologists who havc^ seen these 
fossils nearly coincide in opinion regarding their age. 
The limestone, however, with these fossils here lies at 
the very base of the formation, just above the porpliyritic 
conglomerate, and certainly several thousand f(‘et lower 
in the series, than the equivalent, fossiliferous, black, 
shaly rocks high up on the Peuquenes range. 

It is well worthy of remark that these shells, or at 
least those of which I saw impressions in the limestone 
(bed No. 3), must liave been covered up, on the least 
computation, by 4,000 feet of strata: now we know 


* ‘ Deecript. Phys. des lies Can.’ p. 472. 
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from Professor E. Forbes’s researches, that the sea at 
greater depths than 600 feet becomes exceedingly 
barren of organic beings, — a result quite in accordance 
with what little I have seen of deep-sea soundings. 
Hence, after this limestone with its shells was deposited, 
the bottom of the sea where the main line of the 
Cordillera now stands, must have subsided some thou- 
sand feet to allow of the deposition of the superincum- 
bent submarine strata. Without supposing a movement 
of this kind, it would, moreover, be impossible to 
understand the accumulation of the several lower strata 
of coarse^ well-rounded conglomerates, which it is 
scarcely possible to believe were spread out in profoundly 
deep water, and w^hich, especially those containing 
pebbles of quartz, could hardly have been rounded in 
submarine craters and afterwards ejected from them, as 
I l>elievc to have been the case with much of the 
porphyritic conglomerate formation. I may add that, 
in Professor Forbes’s opinion, the above-enumerated 
species of Mollusca probably did not live at a much 
greater depth tlian twenty fathoms, tliat is only 120 
feet. 

To return to our section down the valley : standing 
on the great N, by W. and S. by E. uniclinal axis of 
the Puente del Inca, of which a section has just been 
given, and looking north-east, great tabular masses of 
the gypseous formation [K K] could be seen in the 
distance, very slightly inclined towards the east. Lower 
down the valley, the mountains are almost exclusively 
composed of porphyries, many of them of intrusive 
origin and non-stratified, others stratified, but with the 
stratification seldom distinguishable except in the 
upper parts. Disregarding local disturbances, the beds 
are either horizontal or inclined at a small angle east- 
wards : hence, when standing on the plain of Uspallata 
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and looking to the wst or backwards, the Cordillera 
appear composed of huge, square, nearly horizontal, 
tabular masses ; so wide a space, with such lofty moun- 
tains so equably elevated, is rarely met with within the 
Cordillera, In this line of section, the interval between 
the Puente del Inca and the neighbourhood of the 
Cumbre, includes all the chief axes of dislocation. 

The altered clay-slate formation, already described, 
is seen in several parts of the valley as far down as Las 
Vacas, underlying the porphyritic conglomerate. At 
the Casa de Pnjios [L], there is a hummock of (ande- 
sitic ?) granite ; and the stratification of the surrounding 
mountains here changes from W. byS. to SW. Again, 
near the E. Vacas there is a larger formation of (ande- 
sitic ?) granite [M], which sends a. mesh-work of veins 
into the superincumbent da3^-slate, and which locally 
throws off the strata, on one side to XW. and on the 
other to SE. but not at a high angle: at the junction, 
the clay-slate is altered into fine-grained greenstone. 
This granitic axis is int-ersected by a green dike, which 
I mention, because I do not remember Iiaving elsewhere 
seem dikes in this lowest and latest intrusive rock. 
From the H. Vacas to the plain of.Uspallata, the valley 
runs NE., so that I have had to contract my section ; 
it runs exclusively through porphyritic rocks. As far 
as the Pass of Jaiila, the elaj’-stone conglomerate forma- 
tion, in most parts highly porpliyritic, and crossed by 
numerous dikes of greenstone-porphyry, attains a great 
thickness : there is also much intrusive porplmy. From 
the Jaula to the plain, the stratificjition has b^en in 
most places obliterated, except near the tops of some of 
the mountains ; and the metamorphic action has been 
extremely great. In this space, the numlier and bulk 
of the intrusive masses of differently coloured porphyries, 
injected one into another and intersected by dikes, is 



PABT n* 


514 Section by the Cumbre Pass. 

truly extraordinary* I saw one mountain of whitish 
porphyry, from which two huge dikes, thinning out, 
branched dowmvards into an adjoining blackish por- 
phyry. Another hill of white porphyry, which had 
burst through dark-coloured strata, was itself injected 
by a purple, brecciated, and rccemented porphyry, both 
being crossed by a green dike, and ]x)th liaving been 
upheaA^ed and injected by a granitic dome. One brick- 
red porphyry, which above the Jaiila forms an isolated 
mass in the midst of the porphyritie conglomerate 
formation, and lower down the valley a magnificent 
group of peaked mountains, differs remarka])]y from 
all the other poiphyries. It consists of a red fiddspathic 
Ixise, including some rather large crystals of red feldspar, 
numerous large angular grains of quartz, and little bits 
of a soft green mineral answering in most of its charac- 
ters to soap-stone. The crystals of red feldspar resemble 
in external .appearance those of orthite, though, from 
Ijoing partially decomposed, I was unable to measure 
ihem ; and they certainly are quite unlike the variety, 
so abundantly met with in almost all the other rocks of 
this line of section, and wdiicli, wherever I tried it, 
cleaved like albite. This brick-red porpliyry appears 
to have burst through all the other porphyries, and 
numerous red dikes traversing the neighbouring moun- 
tains have proceeded from it : in some few places, 
however, it was intersected })y white dikes. From this 
posteriority of intrusive origin, — from tlie close general 
resemblance between this red porphyry and the red 
granite of the Poitillo line, the only difference being 
that the feldspar here \is less perfectly granular, and 
that soap-stone replaces the mica, whicli is there im- 
perfect and passes into chlorite, — and from the Portillo 
line a little southward of this point appearing to blend 
(according to Dr. Gillies) into the western ranges, — I 
am strongly urged to believe (as formerly remarked) 
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that the grand mountain-masses composed of this brick- 
red porphyry belong to the same axis of injection with 
the granite of the Portillo line : if so, the injection of 
this porphyry probably took place, as long subsequently 
to the several axes of elevation in the gypseous forma- 
tion near the Cumbre, as the injection of the Portillo 
granite has been shown to have been subsequent to the 
elevation of ihe gypseous strata composing the Peu- 
quenes range ; and this interval, we have seen, must 
have been a very long one. 

The Plain of Uspallata has been briefly described 
in Chap. X. ; it resembles the basin-plains of Chile ; 
it is ten or fifteen miles wide, and is said to extend for 
180 miles northward; its surface is nearly 6,000 feet 
abo^^e tlie sea ; it is comjiosed, to a thickness of some 
hundred feet of loosely aggregated, stratified shingle, 
which is prolonged with a gently sloping surface up the 
valleys in the mountains on both sidt^s. One section 
in this plain [Z] is interesting, from the unusual ^ cir- 
cumstance of alternating layers of almost loose red and 
white sand with lines of pebbles (from tlie size of a nut 
to that of an apple), and beds of gravel, being inclined 
at an angh^ of 45°, and in some spots even at a higher 
angle, d’hese beds are dislocated l)y small faults : and 
are cappc'd by a thick mass of horizontally stratified 
gravel, evidently of subaqueous origin. Having been 
accustomed to observe the irregularities of beds accu- 
mulated under currents, 1 feel sure that the inclination 
hero has not been thus produced. The pebbles consist 
chiefly of the brick-red porphyry just described and of 
white granite, both probably derived from thfe ranges 
to the west, and of altered clay-slate and of certain 


‘ I find that Mr. Smi til, of Jordaiihill, has describod (‘Edinlnirgli 
New Phil. Jouni.’ vol. xxv. p. 392) beds of sand and gravel, near Edin- 
burgh, tilted at an angle of 60®, and dislocated by miniature faults. 

X. L 2 
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porphyries, apparently belonging to the rocks of the 
Uspallata chain. This plain corresponds geographically 
with the valley of Tenuyan between the Portillo and 
Peuquenes ranges ; but in that valley the shingle, 
which likewise has been derived both from the eastern 
and western ranges, has been cemented into a hard con- 
glomerate, and has been throughout tilted at a con- 
siderable inclination ; the gravel there apparently attains 
a much greater thickness, and is probably of higher 
antiquity. 

The Uspallata Itange . — The road by the Villa 
Vicencio Pass does not strike directly across t he range, but 
runs for some leagues northward along its western base : 
and I must briefly describe the rocks here seen, before 
continuing witli the coloured east and west section. At 
the moutli of the valley of Canota, and at several 
points northwards, there is an extensive formation of a 
glossy and liarsh, and of a feldspathic clay-slato, includ- 
ing strata of grauwacke, and having a tortuous, nearly 
verti(*al cleavage, traversed by numerous metalliferous 
veins and others of quartz. The clay-slate is in many 
parts capped by a thick mass of fragments of the same 
rock, firmly recemented ; and both together have been 
injected and broken up by very numerous hillocks, 
ranging north and south, of lilac, wliite, dark and 
salmon-coloured porphyries : one steep, now denuded, 
hillock of porphyry had its face as distinctly impressed 
with the angles of a fragmentary mass of the slate, with 
some of the points still remaining embedded, as sealing- 
wax could be by a seal. At the mouth of this same 
valley of Cahota, in a fine escarpment having the strata 
dipping from 50® to 60® to the NE.,^ the clay-slate 

* Nearly opposite to this escarpment, there is another corresponding 
one, with the strata dipping not ‘to tlxo exactly opposite point, or SW., 
but to SSW. : consequently the two escarpments trend towards eati 
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formation is s^en to be covered by (Ist), a purple clay- 
stone porphyry resting unconformably in some parts 
on tine solid slate, and in others on a thick fragmentary 
mass : (2n(l), a conformable stratum of compact blackish 
rock, having a splieroidal siructure, full of minute 
acicular ciystals of glassy feldspar, with red spots of 
oxide of iron: (3rd), a great stratum of purplish-red 
clay-stone porpliyry, abounding with crystals of opaque 
feldspar, and laminated with thin, parallel, often short, 
layers, and likewise with great irregular patches of 
wlut(.^, eartliy, semi -crystalline feldspar ; tliis rock 
(which 1 noticed in other neighbouring places) per- 
fectly resembles a curious variety d(*scribed at Port 
Desire, and occasionally occurs in the great porphyritic 
conglomerate formation of Chile : (4tb), athin stratum 
of greenish-white, indurated tuff‘, fusible and containing 
broken crystals and particles of porphyries: (5tli), a 
grand mass, imperfectly columnar and divided into 
three parallel and closely joined stmta, of cream- 
coloured claystoiic porphyry: (Gth), a thick stratum of 
lilac-coloured porphyry, which, I could see was capped 
by another, bed of the cream-coloured ^ ariety : I was 
unable to examine the still higher parts of the escarp- 
ment. These conformably stratified porpb 3 n:ies, though 
none arc (dtlier vesicular or amygdaloidal, have evi- 
dently flowed as* submarine lavas : some of them are 
separat(?d from each other by seams of indurated tuff, 
which, however, are quite insignificant in thickness 
compared with the porjdiyries. Tliis whole pile 
resembles, but not - very closely, some of ^ tlie less 
brccciated parts of the great porphyritic conglomerate 
formation of Chile ; but it does not probably belong to 
the same age, as the porphyries here rest unconformably 

other, and somo milep southward they become actually united : this is a 
form of olevulion which I have not elsewhere seen. 
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clay-skte formation ; the slate is generally hard and 
bluish, with tlie laminjB coated by minute micaceous 
scales ; it alternates many times with a coarse-grained, 
greenish grauwacke, containing rounded fragments of 
quartz and bits of slate in a sliglitly calcareous basis. 
The slate in the upper part generally becomes purplish, 
and the cleavage so irregular that the whole consists 
of mere splintei’s. Transverse veins of quartz are 
numerous. At the Oalera, some leagues distant, tliere 
is a dark crystalline limestone, apparently included in 
this formation. Witli the exception of the graiiwacke 
being liere more abundant, and tlie clay-slate less altered, 
this formation closely resembles that unconformably 
underlying the por]:)hyries at the western foot of this 
same range ; and likewise that alternating with the 
poi-phyritic conglomerate in the main Cordillera. This 
formation is a considerable one, and extends several 
leagues southward to near Mendoza; the mountains 
composed of it rise to a height of about 2,()()() feet 
above the edge of the Pampas, or about 7,000 feet 
above the sea,^ 

Secondly ; the most usual bed on the clay-slate is 
a coarse, white, slightly calcareous conglomerate, of no 
great thickness, including broken crystals of feldspar, 
grains of quartz, and numerous pebl)]es of brecciated 
clay-stone porphyry, but without any pebbles of the 
underlying clay-slate. J nowhere saw the actual junc- 
tion between this bed and the clay-slate, though I spent 
a whole day in endeavouring to discover tlieir relntions. 
In some places I distinctly saw the white coiigloinerate 
and overlying beds inclined at from 25° to 30° to the 
west, and at the boiton} of the same mountain, the 
clay-slate and grauwacko inclined to the same point, but 

’ * I infer this from the height of V. Vicencio, which was ascertained 
by Mr. Miersto be 5,328 feet aboye the sea. 
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at an angle from 70° to 80° : in one instance, the clay- 
slate .dipped not only at a different angle, but to a 
different point from the overlying formation. In these 
cases the two fonnations certainly appeared quite un- 
conformable : moreover, I found in the clay-slate one 
great-, vertical, dike-like fissure, filled up with an in- 
durated whitish tuff, (^uite similar to some of the upper 
beds presently to be described ; and this shows that tlie 
clay-slate must have been consolidated and dislocated 
before their deposition. On the other hand, the strati- 
fication of the slate and grauwacke,' in some cases gia- 
dually and entirely disappeared in a])proaehing the 
overlying white conglomerate; in other cases the 
stratification of the two formations became^ strictly con- 
formable; and again in other cases, there was some 
tolerably well characterised clay-slate lying above the 
conglomerate. • Tlie most probable conclusion appears 
to be, that after the clay-slate formation had been dis- 
located and tilted, but wliilst under the sea, a fresh and 
more recent deposition of clay-slate took ]>lace, on which 
the white conglomerate was conformably deposited, with 
here and there a thin intercalated bed of clay-slate. On 
this view the white conglomerates and the presently to 
be described tuffs and lavas are really nnconformable 
to the main part of tlie clay-slate; and tliis, as we have 
seen, certainly is the case with the clay-stone lavas in the 
valley of Oanota, at the western and opposite base of 
the range. 

Thirdly : on the white conglomerate, stral a several 
hundred feet in tluckness are superimposed, varying 

^ The coarse, mochanicAl structure of luauy grau-wackos has always 
Hppoiirotl to UK! ii difficulty ; for the texture of tho associated day-slate 
and the nature of tho embedded organic remains wh erf ‘ present, indicate 
that tho wljole has been a deep-watf-r deposit. AVhoncc have tho some- 
times included angubir fragments of clay-slate, and the rounded masses 
of quartz and other rocks, been derived ? Many deop-water limestones, 
it is well known, have been breceiatod, and then firmly recementod. 
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much in nature in short distances : the commonest 
variety is a white, much indurated tuff, sometimes 
slightly calcareous, witli ferruginous spots and water- 
lines, often passing into whitish or purplisli compact, 
fine-grained grit or sandstones ; other varieties become 
Bemi-porcellanie, and tinted faint green or blue; others 
pass into an indurated shale : most of tliesc varieties 
are easily fusible. 

Fourthly : a bed, al »out 100 feet thick, of a compact, 
partially columnar, pale-giuy, felds])athic lava, stained 
witli iron, including very numerous crystals of opaque 
feldspar, and with some cr^^stallised and disseminated 
calcareous matter. The lufaccous strattim on which 
this feldspathic lava rests is much hardened, stained 
purple, and has a spherico-concretionary structure ; 
it here^contains a good many pebbles of clay-stone 
porphyry. 

Fifthly ; thin beds, 400 feet in thickness, varying 
much in nature, consisting of white and ferruginous 
tuffs, in some parts having a concretionary structure, in 
others containing rounded grains and a few pebbles of 
quartz; also passing into hard gritstones and into 
greenish mudstones : there is, also, much of a bluish- 
gray and green semi-porcellanic stone. 

Sixthly : a volcanic stratum, 250 feet in thickness, 
of so varying a nature that I do not believe a score of 
specimens would show all the varieties ; much is highly 
amygdaloidal, much compact ; there are greenish, 
blackish, purplish, and gi’ay varieties, rarely including 
crystals of green augite and minute acieular ones of 
feldspar, but often crystals and amygdaloidal masses of 
white, red, and black carbonate of lime. Some of the 
blackish varieties of this rock have a conchoidal fracture 
and resemble basalt : others have an irrcigular fracture. 
Some of the gray and purplish varieties are thickly 
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speckled with green earth and with white crystalline 
carbonate of lime ; others are largely amygdaloidal with 
green earth and calcareous spar. Again, other earthy 
varieties, of greenish, purplish and gray tints, contain 
much iron, and are almost half composed of amygdaloidal 
balls of dark brown bole, of a whitisli indurated felds- 
pathic matter, of bright green earth, of agate, and of 
black and white crystallised carbonate of lime. All these 
varieties are easily fusible. Viewed from a distance, 
the line of junction with the underlying semi-porcel- 
lanic strata was distinct ; but when examined closely, 
it was impossible to point out within a foot where the 
lava ended and where the sedimentary mass began : the 
rock at the time of junct ion was in most places? hard, of 
a bright green colour, and abounded with irregular 
amygdaloidal masses of ferruginous and pure calcareous 
spar, and of ag<ate. 

Seventhly : strata, eighty feet in thickness, of various 
indurated tuffs, as before ; many of the vari(‘ties have a 
fine basis including rather coarse ext raneous particles ; 
some of tliem are compact and semi-purcellanic, and 
include vegetable impressions. 

Eighthly : a bed, about fifty feet thick, of greenish- 
gray, compact, fcldspathic lava, witli numerous small 
crystals of opac^ue feldspar, black augite, and oxide of 
iron. The junction with the bed on which it rested, 
was ill defined ; balls and masses of the feldspathic 
rock being enclosed in much altered tuff. 

Ninthly : induiuted tuffs, as before. 

Tenthly : a conformable layer, less than 4.wo feet 
in thickness, of pitchstone, generally hrecciatcKi, and 
traversed by veins of agate and of carbonate of lime : 
parts are composed of apparently concretionary frag- 
ments of a more perfect variety, arranged in horizontal 
lines in a less perfectly characterised variety. I have 
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mucli difficulty in believing that this thin layer of 
pitchstone flowed as lava. 

Eleventhly : sedimentary and tufaceous beds as 
before, passing into sandstone, including some con- 
glomerate : the pebbles in the latter are of clay-stone 
porphyiy, well rounded, and some as large as cricket- 
balls. 

Twelfthly : a bed of compact, sonorous, feldspathic 
lava, like that of bed No. 8, divided by numerous joints 
into large angular blocks. 

Thirteenthly : sedimentary beds as before. Four- 
teenthly ; a thick bed of greenish or grayisli black, 
compact basalt, (fusing into a black enamel) with small 
crystals,* occasionally distinguishable, of feldspar and 
augite: the junction with the underlying sedimentary 
bed, differently from that in most of the foregoing 
streams, here was ({uite distinct : — tlie lava and tufaceous 
matter pi*es(u*ving their perfect characters within two 
inches of each other. This rock olosety resembles 
ceiiain ])arts of that varied and singulai* lava-stream 
No. f) ; it likewise resembles, as we sliall immediately 
see, many of the great uppin* beds on the western flank 
and on the summit of this range. 

The pile of strata here described attains a great 
tliickness ; and above the last-mentioned volcanic stra- 
tum, there were several other great tufacc'oiis beds 
alternating witli sulimaiinc lavas, which I liad not time 
to examine ; but, a corresponding series, several thou- 
sand feet ill thickness, is wtII exhibited on the crest 
and western flank of the range. Most of the lava- 
streams on the western side are of a jet-black colour 
and basaltic nature; they are either compact and 
fine-grained, including minute crystals of augite and 
feldspar, or they are coarse-grained and abound with 
rather large coppery-brown crystals of an augitic mine- 
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ral.^ Another variety was of a dull-red colour, having 
a clay-stone brecciated basis, including specks of oxide 
of ii:on and of calcareous spar, and aniygdaloidal with 
green earth : there were apparently several other 
varieties. These submarine lavas often exhibit a sphe- 
roidal, and sometimes an imperfect columnar structure ; 
their upper junctions arc much more clearly defined 
tlian their lower junctions ; but the latter are not so 
much blended into the underlying sedimentary beds as 
is tlie case in the eastern flank. On the crest and west- 
ern flank of tlie range, the streams, viewed as a whole, 
are mostly basaltic ; whilst those on th(^ eastern side, 
which stand lowej* in the series, are, as we have seen, 
mostly feldspathic. 

The sedimtmtary strata alternating with the lavas 
on tlie crest and western side, are of an almost infinitely 
varying nature ; but a large proportion of them closely 
resemble those already described on the eastern flank : 
there are white and brown, indurated, easily fusible 
tuffs, — some passing into pale blue and green semi- 
porccllanic rocks, — others into brownish and purplish 
sandstones and gritstones, often including grains of 
quartz, — others into mudstone containing broken crys- 
tals and particles of rock, and occasionally single large 
jiebbles. There was one stratum of a bright red, coarse, 
volcanic gritstone ; another of conglomerate ; another 
of a black, indurated, carbonaceous sbale marked witli 
imperfect vegetable impressions ; this latter bed, which 
was thin, rested on a submarine lava, and followed all 
the considerable inequalities of its upper surface. Mr. 
Miers states that coal has been found in this range. 
Lastly, there was a bed (like No. 10 on tlie eastern flank) 
evidently of sedimentary origin, and remarkable from 

^ Very easily fusible into a jet black bead, attracted by the magnet : 
the crystals arc too much tarnishod to be lueusurod by the goniomSier, 
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closely approaching in character to an imperfect pitch- 
stone, and from including extremely thin layers of perfect 
pitcbstone, as well as nodules and irregular fragments 
(but not resembling extraneous fragments) of this same 
rock arranged in horizontal lines : I conceive that tliis 
bed, which is only a few feet in thickness, must liave 
assumed its present state through metamorphic and 
concretionary action. Most of tliese sedimentary strata 
are much indurated, and no doubt have been partially 
metamorphosed : many of tliem are extraordinarily 
heavy and compact ; others have agate and (trystalline 
carbonate of lime disseminated througliout them. 
Some of the beds exhibit a singular concr(‘tionary ar- 
rangement, with the curves determined by the lines of 
fissure. Tiiere arc many veins of agate and calcareous 
spar, and innumerable ones of iron and other metals, 
which have blackened and curiously affected the strata 
to considerable distances on both sides. 

Many of tlu^se tufaec'ous beds resemble, with the 
exception of being more indurated, tlic upper ])eds of 
the great Patagonian Teiiiary formation, especially 
those variously coloured layers high up the river Santa 
Cruz, anfl in a remarkable degree the tiifaceous forma- 
tion at tlie northern end of Chiloe. I was so much 
struck witli this rescmiblance, that I ]>artic-ularly looked 
oxit for silicified wood, and found it nndei’ the following 
extraordinary circumstances. High up on this western 
flank,* at a height estimated at 7,000 feet above the 
sea, in a broken escarpment of thin strata, composed of 

^ For tlio information of any future traveller, I will dc8cril)o tho 
spot in d<}t{iil. Proceeding eastward from tho Agua del Zorro, and 
afteiwards leaving on the north side of tlie road a ranclio attached to 
some old gold-mines, you pass tJirotigli a gully with low hut steep rocks 
on each hand : the road then bends, and tho asiient becomes steeper. A 
few htmdred yards farther on, a stono’s throw on tho south side of the 
road, the white calcareous stumps may he seen. The spot is about half 
a mile east of the Agua del Zorro. 
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compact green gritstone passing into a fine mudstone, 
and alternating with layers of coarser, brownish, very 
heavy mudstone including broken crystals and particles 
of rock almost blended together, I counted the stumps 
of fifty-two trees. They projected between two and 
five fee^t above the ground, and stood at exactly right 
angles to the strata, which w^ere here inclined at an 
angle of about 25° to the west. Eleven of these trees 
were silicified and well preserved : Mr. R. Brown has 
been so kind as to examine the wood when sliced and 
polished ; he says it is coniferous, partaking of the 
characters of thc^ Araucarian tribe, with some curious 
points of affinity with the Yew* The bark round the 
trunks must have been circularly furrowed witli irregu- 
lar lines, for the mudstone round them is tlius plainly 
marked. One cast consisted of dark argillaceous lime- 
stone ; and forty of them of coarsely crystallised car- 
bonate of lirncN with cavities lined by quartz: crystals: 
these latter white calcareous columns do not retain any 
internal structure, but their external form plainly shows 
their origin. All the stumps have nearly the same 
diameter, varying from one foot to eighteen inches; 
some of them stand within a yard of each other ; they 
are grouped in a clump within a space of about, sixty 
yards across, with a few scattertKl round at the distance 
of 150 yards. They all stand at about the same level. 
The longest stump stood seven feet, out of the ground : 
the roots, if they are still preserved, are buried and 
concealed. No one layer of the mudstone appeared 
much darker than the others, as if it had formerly ex- 
isted as soil, nor could this be expected, for the same 
agent^s which replaced with silex and lime the wood of 
the trees, would naturally have removed all vegetable 
matter from the soil. Besides the fifty-two upright 
trees, there were a few fragments, like broken branches. 
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horizontally embedded. The surroimding strata are 
crossed by veins of carbonate of lime, agate, and oxide 
of iron ; and a poor gold vein lias been worked not far 
from the trees. 

The green and brown mndstone beds including the 
trees, are conformably covered by much indurated, 
compact, white or ferruginous tuffs, wliich pass upwards 
into a fine-gTained, purplish sedimentary rock : these 
strata, wliicli, together, are from 400 to 500 feet in 
thickness, rest on a thick bed of submarine-lava, and 
are C(.>nformably covered by another gj-eat mass of fine- 
grained basalt,^ which I estimated at 1,000 feet in thick- 
ness, and which probably lias been formed by more than 
one stream. Above this mass I could clearly distin- 
guish five conformable altc^rnations, each several hun- 
dred feet in thickness, of stratified sedimentary rocks 
and lavas, such as have been previously descrited. 
Certainly the upright trees have been buried under 
several tliousand feet in thickness of matter, accumu- 
lated under the sea. As the trees olivioiisly must once 
have grown on dry land, what an enormous amount of 
subsidence is thus indicated! Nevertheless, had it not 
been for the trees there was no appearance which would 
have led any one even to have conjectured that these 
strata had subsided. As the land, moreover, on which 
the trees grew, is formed of subaqueous deposits, of 
nearly if not quite ecpial tiiiekness with the superin- 
cumbent strata, and as these deposits are regularly 
stratified and fine-grained, not like the matter thrown 
up on a sea-beach, a previous upward movement, aided 


‘ This rock is quite black, and fuses into a bkek bead, attracted 
strongly by the magnet; it breaks with a conchoidal fracture; the in- 
cluded crystals of augite are distinguishable by the naked eye, but are 
not perfect enough to be measured : there are many minute ticicular 
crystals of glassy feldspar. 
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no doubt by the great accumulation of lavas and sedi- 
ment, is also indicated.^ 

In nearly the middle of the range, there are some 
hills [Q], before alluded to, formed of a kind of granite 
externally resembling andesite, and consisting of a 
white, imperfectly granular, feldspathic basis, including 
some perfect crystals apparently of albite (but I was 
unable to measure them), much black mica, epidote in 
veins, and very little or no quartz. Numerous small 
veins branch from this rock into the surrounding 
strata ; and it is a singular fact ihat these veins, though 
composed of the same kind of feldspar and small scales 
of mica as in the solid rock, abound with innumerable 
minute roxmded grains of quartz : in the ^'eins or dikes 
also, branching from the great- gi'anitic axis in the pen- 
insula of Tres Montes, I observed that quartz was more 
abundant in them than in the main rock ; I have heard 
of other analogous cases : can we account for this fact, 
by the long-continued vicinity of quartz when cooling, 

^ At first I imagined, that the strata, with the trees might have heen 
accumnluted in a lake; but this seems highly improhable ; fur, first, a 
very deep lake was necessary to receive the matlej* below the trees, then 
it must have been draiiiocl for t.lieir growth, and afterw'ards re-formed 
and madti profoundly deep, so as to receive u subsocjucut nccnmulation 
of maltt;r several thousand fiset in thickness. And all this must have 
taken place necessarily before the formation of the Uspallata range, 
and therefore on the margin of the wmJe level (‘xparise of the Pampas ! 
Hence I conclude, that it is iiilinitely more probable that the strata 
were acctiinulated under the sea ; the vast amoinil of denudation, more- 
over, which this range has siifiered, as showm by the wide valleys, by 
the exposure of the very trees and by olluir appearjinccs, could have 
been effected, 1 conet'ive, only by the Iniig-euntiiiued action of the sea ; 
and this shows that the range was cither upheaved from uiider the sea, ’ 
or subsequently letdown into it.. Troni the natural manuer in which 
the stumps (lil'ty-two in inmibor) arc ffroKjn'd in a vJ amp, nuiH from 
their all standing vertically to the strata, it is superfluous to speexilat© 
on thoehiitiee of the trees having been drifted from adjoining land, and 
deposited upright : I may, however, monti(m that the .Into l)r. Mal- 
colmson assured me, that he once met in the Indian Ocean, fifty miles 
Irom land, several cocoa-nut trees lloalitig upright, (jwdng to their roots 
being loaded with earth. 

^ 8eea paper by M. EUe do Ilcaumont, *Soc. Philoinatli/ May, 1839 
(‘L’Institut.’ 1839. p. 161). 
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and by its having been thus more easily sucked into 
fissures than the other constituent minerals of granite. 
The strata encasing the flanks of these granitic or 
andesitic masses, and forming a thick cap on one of 
their summits, appear originally to have been of the 
same tufaceous nature with the beds already described, 
but they are now changed into porcellanic, jaspery, and 
crystalline rocks, and into others of a while colour with 
a harsh texture, and having a siliceous aspect, tliough 
really of a fold spathic nature and fusible. Both the 
granitic intrusive masses and the tmcasing strata are 
penetrated by innumerable metallic veins, mostly ferru- 
ginous and aurift'rous, but some containing copper- 
pyrites and a few silver : near the veins, the rocks are 
blackened as if blasted by gunpowder. The strata are 
only slightly dislocated close round these hills, and 
hence, perhaps, it may be inferred that the granitic 
masses form only the projecting points of a broad 
continuous axis-dome, whicli has given to the upper 
parts of this range its anticlinal structure. 

Coududinuj Remarhs on the Uspallata Range . — I 
will not attempt to estimate the total thickness of the 
pile of strata forming this range, but it. must amount 
to many thousand feet. The sedimentary and tufaceous 
beds have throughout a general similarity, though with 
infinite variations. The submarine lavas in the lower 
part of the series arc mostly feldspathic, \vhilst in the 
upper part, on the summit and western flank, tliey are 
mostly basaltic. 'VTc are tlms reminded of tlie relative 
position in most recent volcanic districts of the trachy- 
tic and basallic lavas, — the latter from their greater 
weight having sunk to a lower level in the earth’s 
<jrust, and having consequently been erupted at a later 
period over the lighter and up}>er lavas of the trachytic 
iseries,^ Both the basaltic and feldspathic submarine 

* *Scc on this subject, Chapter VI. 
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streams are very compact ; none being vesicular, and 
only a few amygdaloidal : the effects which some of 
them, especially those low in the series, have produced 
on the tufaccous beds over which they have flowed is 
highly curious. Independently of this local meta- 
morphic action, all the strata undoubtedly display an 
indumted and altered character ; and all the rocks of 
this range — tlie lavas, the alternating sediments, the 
intrusive granite and porphyries, and the underlying 
clay-slate — are intersected by metalliferous veins. The 
lava-strata can often be seen extending for great dis- 
tances, conforma])ly with the under- and over-lying 
beds : and it was obvious that tliey thickened towards 
the west. Hence the points of eruption must have been 
situatfHl westward of tlie present range, in the direction 
of the main (Jordillera : as, however, the flanks of the 
Cordillera arc entirely conn)oscd of various porphyries, 
chiefly claysione and greenstone, some intrusive, and 
others belonging to the porphyritic conglomerate for- 
mation, but all (j^uitc^ unlike these submarine lava- 
streams, we must in all probability look to the plain of 
Uspallata for the now deeply buried points of eruption. 

Comparing our seciion of the Uspjillata range with 
that of tlic Cumhre, wo see, with the exception of the 
underlying clay-slate, and perhaps of tlie intrusive rocks 
of the axes, a striking dissimilarity in the strata com- 
posing th(un. The great porphyritic conglomerate 
formation dias not extended as far as this range ; nor 
have w^e here any of the gypseous strata, the magnesian 
and other limestones, the red sandstones, the siliceous 
beds with pc^bbles of quartz, and comparatively little of 
the conglomerates, all of which form such vjist masses 
over the basal series in the main Cordillera. On the 
other hand, in the ('ordillera, we do not find those end- 
less varieties of indurated tuff’s, with their numerous 
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veins and concretionary arrangement, and those grit 
and mud stones, and singular semi-porcellanic rocks, 
so abundant in the Uspallata range. The submarine 
lavas, also, differ considerably ; the feldspatliic streams 
of the Cordillera contain much mica, which is absent in 
those of tile tJspallata range : in this latter range we 
have seen on how grand a scale, basaltic lava has been 
poured forth, of which there is not a trace in the 
Cordillera. This dissimilarity is tlie more striking, 
considering that tliese two parallel ciiains are separated 
by a plain only between ten and fifteen miles in width ; 
and that the Uspallata lavas, as well as no doubt the 
alternating tufaceous beds, have proceeded from the 
west, from points apparently between the two ranges. 
To imagine that these two piles of strata were con- 
temporaneously deposited in two closely adjoining, very 
deep, submarine areas, separated from each other by 
a lofty ridge, where a plain now extends, would he a 
gratuitous hypothesis. And had they lietiii coniempo- 
raneously deposited, without any such dividing ridge, 
surely some of the gypseous and other sedimentary 
matter forming such immensely thick masses in the 
Cordillera, would have extended this short distance 
eastwards; and surely some of the Uspallata tuffs and 
basalts also accumulated to so great a thickness, would 
have extended a little westward. Hence I conclude, 
that it is far more proliable that these two series are 
not contemporaneous ; but that the strata of one of tlio 
chains were deposited, and even the chain itself uplifted, 
before the formation of the other — which cliain, then, 
is the oldest ? Considering that in the Uspallata range 
the lowest strata on tlie western flank lie uuconforma- 
bly on the clay-slate, as probably is the case Avith those 
on the eastern flank, whereas in the Cordillera all tlie 
overlying strata lie conformably on this forTuation : — 
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considering that in the Uspallata range some of the 
beds, both low down and high up in the series, are 
marked with vegetable impressions, showing the con^ 
tinned existence of neighbouring land; — considering 
the close general resemblance between the deposits of 
this range and those of tertiary origin in several parts 
of the continent; — and lastly, even considering the 
lesser height and outlying position of the Uspallata 
range, — I conclude that the strata composing it are in 
all probability of subsequent origin, and that they were 
accmnulated at a period when a deep sea studded with 
submarine voh^anos washed the eastern base of the 
already partially elevated Cordillera. 

This conclusion is of much importance, for we have 
seen that in the Cordillera, during the deposition of 
the Neocomian strata, the bed of the sea must have 
subsided many thousand feet : we now learn that at a 
later period an adjoining area lirst received a great 
accumulation of strata, and was upheaved into land on 
which coniferous trees grew, and that this area then 
subsided several tliousand feet to receive the superin- 
cumbent submarine strata, afterwards being broken up, 
denuded, and elevated in mass to its present height. I 
am strengthened in tliis conclusion of there having 
been two distinct, great periods of subsidence, by 
reflecting on the thick mass of coarse stratified conglo- 
merate ill th(‘ valley of Tenuyan, between the Ikmquenes 
and Portillo lines ; for the accumulation of this mass 
seems to me, as |)reviously remarked, almost necessarily 
to have requii’ed a prolonged subsidence ; \nd this 
subsidence, from the pebbles in the conglomerate haying 
been to a great extent derived from the gyjiseous or 
Neocomian strata of the Peuquenes line, *we know must 
have been quite distinct from, and BubvSequent to, that 
-sinking movement which probably accompanied the 



PART n. 


534 The Uspallata Range. 

deposition of the Penqnenos strata, and wliich certainly 
accompanied the deposition of the equivalent beds near 
the Puente del Inca, in this line of section. 

The Uspallata chain corresponds in geographical 
position, though on a small scale, with the Portillo line ; 
and its clay-slate formation is probably the equivalent 
of the mica-schist of the Portillo, there metamorphosed 
by the old wliite granites and syenites. The coloured 
beds under tlie conglomerate in the valley of Tenuyan, 
of which traces are seen on the crest of the Portillo, 
and even the conglomerate itself, may perhaps be 
synchronous with the tufaceous beds and submarine 
lavas of the Uspallata range ; an open sea and volcanic 
action in the latter case, and a confined channel between 
two bordering chains of islets in the forirnT case, having 
been sufficient to account for the mineralogical dissimi- 
larity of the two series. From this correspondence 
between the Uspallata and Portillo ranges, perhaps in 
age and certainly in geographical position, one is 
tempted to consider the one range as the prolongation 
of the other ; but their axes arc formed of totally diffe- 
rent intrusive rocks ; and we have traced the apparent 
continuation of the red granite of the l^ortillo in the 
red porphyries diverging into the main Cordillera. 
Whether the axis of the Uspallata. range was injected 
before, or, as perhaps is more probable, after that of 
the Portillo line, I will not pretend to decide ; but it 
is well to remember that the highly inclined lava- 
streams on the eastern flank of the Portillo line, prove 
that its angular upheaveinent was not a single and 
sudden event; and therefore that the anticlinal eleva- 
tion of the Uspallata range may have been contempo- 
raneous with some of the later angular movements by 
which the gigantic Portillo range gained its present 
height above the adjoining plain. 
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Valparaiso to Coquimho . — I have already described 
the general nature of the rocks in the low country north 
of Valparaiso, consisting of granites, syenites, green* 
stones, and altered feldspathic clay*slate. Near Coquimho 
there is much hornhlendic rock and various dusky- 
coloured porphyries. I will describe only one section 
in this district, namely, from near Illapel in a NE* line 
to the mines of Los Hornos, and thence in a north by 
east direction to Combarbala, at the foot of- the main 
Cordillera. 

Near Illaiiel, after passing for some distance over 
granite, andesite, and andesitic porphyry, we come to 
a greenish stratified feldspathic roclc, which I believe 
is altered clay-slate, conformably capped by porphyries 
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and porpbyritic conglomerate of great thickness, dip- 
ping at an average angle of 20° to NE. by’N. The 
uppermost beds consist of conglomerates and sandstone 
onl}?' a little metamorphosed, and conformably covered 
by a gypseous formation of very great thickness, but 
much denuded. This gypseous formation, where first 
met with, lies in a broad valley or basin, a little south- 
ward of tlie mines of Los Hornos : the lower half alone 
contains gypsum, not in great masses as in the Cordillera, 
but in innumerable thin layers, seldom more than an 
incli or two in thickness. Tlie gypsum is either opaque 
or transparent, and is associated with carbonate of lime. 
The layers alternate with numerous varying ones of a 
calcareous clay-shah? (with strong aluminous odour, 
adlieiing to the tongue, easily fusible into a pale green 
glass), more or less indurated, either earthy and cream 
coloured, or greenisli and hard. The more indurated 
varieties hnve a compact, homogeneous almost crystal- 
line fracture, and contain granules of crystallised oxide 
of iron. Some of the varietitss almost reseml)le hone- 
stones. There is also a little black, hardly fusible, 
siliceo-ealcareous clay-slate, like some of the Viurieties 
alternating with gypsum on the Peuqueiies range. 

The upper half of this gypseous formation is mainly 
formed of the same calcareous clay-slnile rock, but 
without any gypsum, and varying extremely in nature : 
it passes from a soft, coarse, earthy, ferruginous state, 
including particles of quartz, into compact clay-stone$ 
with crystallised oxide of iron, — into porcellanic layers, 
alternating with seams of calcareous matter, — and into 
green porcelain-jasper excessively hard, but easily 
fusible. Strata of this nature alternate with much 
black and brown silieeo-calcareous slate, ]*emarkable 
from the wonderful number of huge embedded logs of 
silicified-wood. This wood, according to Mr. K. Brown, 
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is (judging from several specimens) all coniferous. 
Some of the layers of the black siliceous slate contained 
irregular angular fragments of imperfect pitchstqne, 
which I believ6>, as in the Uspallata range, has origin- 
ated in a metamorpliic process. There was one bed of 
a marly tufaceous nature, and of little specific gravity. 
Veins of agate and calcareous spar are numerous. The 
whole of this gypseous formation, especially the upper 
half, has been injected, metamorphosed, and locally 
contorted by numerous hillocks of intrusive porpliyries 
crowded together in an extraordinary manner. These 
hillocks c'onsist of purple clay-stone and of various other 
porphyries, and of much white feldspathic greenstone 
parsing into andesite; this latter variety included in 
one case crystals of orthitic and albitic feldspar touch- 
ing each other, and others of hornblende, chlorite, and 
epidote. The strata surrounding these intrusive hil- 
locks at the mines of Los Hornos, are intersticted by 
many veins ol copper-jiyrites, associated with much 
micaceous iron-ore, and by some of gold : in the neigh- 
bourhood of these veins the rocks are blackened and 
much altered. The gypsxmi near the intrusive masses 
is always opaque. *One of these hillocks of Y>orphyry 
was capixd by some stratified porphyritic conglomerate, 
whicli must liaVe been brought up from below, through 
the whole immense thickness of the overlying gypseous 
formation. The lower beds of the gypseous formation 
resemble the corresponding and probably contempora- 
neous strata of the main Cordillera ; whilst the upper 
teds in several respects resemble those of the *Uspallata 
chain, and possibly may be contemporaneous with 
them ; for I have endeavoured to show that the Uspal- 
hita beds were accumulated subsequently to the gyp- 
seous or Ncocomiaii formations of the Cordillera. 

This pile of strata dips at an angle of about 20^^ to 
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NE, by N., close up to the very foot of the Cuesta de 
Los Homos, a crooked range of mountains foraied of 
intrusive rocks of the same nature with the above de- 
scribed hillocks. Only in one or two places, on this 
south-eastern side of the range, I noticed a narrow 
fringe of the upper gypseous strata brushed up and 
inclined south-eastward from it. 'On its north-eastern 
flank, and likewise on a few of the summits, the strati- 
fied porphyritic conglomerate is inclined NE. : so that, 
if we disregard the very narrow anticlinal fringe of 
gypseous strata at its SE. foot, this range forms a 
second uniclinal axis of elevation. Proceeding in a 
north by east direction to the village of Combarbala, 
we come to a third escarpment of tlie porpliyritic con- 
glomerate, dipping eastwards, and forming the outer 
range of the main Cordillera. The lower beds were 
here more jaspory than usual, and they included some 
white cherty strata and red sandstones, alternating with 
purple claystone porphyiy. Higher up in tlje Cordillera 
there appeared to he a line of andesitic rocks; and 
beyond them, a fourtli escarpment of the porphyritic 
conglomerate, again dipping eastwards or inwards. 
The overlying gypseous strata, if they ever existed here, 
have been entirely removed. 

Copper Mines of Panuncillo . — From Combarbala 
to Coquimbo, I traversed the country in a zig-zag 
direction, crossing and recrossing tlie porphyritic con- 
glomerate and linding in the granitic districts an un- 
usual number of inoantain-masses composed of various 
intrusive, porphyritic rocks, many of them andesitic. 
One common variety was greenish-black, with large 
ciystals of blackisli albite. At Panuncillo a short 
ISTNW. and SSE. ridge, with a nucleus formed of 
greenstone and of a slate-coloured porphyry including 
crystals of glassy feldspar, deserves notice, from the 
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very singular nature of the almost vertical strata com- 
posing it* These consist chiefly of a finer or coarser 
granular mixture, not very compact, of white carbonate 
of lime, of protoxide of iron and of yellowish garnets 
(ascertained by Prof. Miller), each grain being an 
almost perfect crystal. Some of the varieties consist 
exclusively of granules of the calcareous spar; and 
some contain grains of copper ore, and, I believe, of 
quartz. These strata alternate with a bluish, compact, 
fusible, feldspafhic rock. ]\Iuch of the above granular 
mixture has, also, a pseudo-brecciated structure, in 
which fragments are obscurely arranged in planes 
parallel to those of the stratification, and are con- 
spicuous on the weathered surfaces. The fragments 
are angular ox rounded, small or large, and consist of 
bluish or reddish compact feldspathic matter, in which 
a few acicular crystals of feldspa]* can sometimes be 
seen. The fragments often l)lend at tlieir edges into 
the surrounding granular mass, and seem due to a kind 
of concretionary action. 

These singular rocks are traversed by many copper 
veins, and appear to rest conformably on a granular 
mixture (in parts as fine-grained as a sandstone) of 
quartz, mica, hornblende, and feldspar: and this on 
fine-grained, common gneiss ; and tliis on a laminated 
mass, composed of pinkish oriliitic feldspar, including 
a few specks of hornblende ; and lastly, tliis on granite, 
which together with andesitic rocks, form the surround- 
ing district. 

Coquimho : Mining District of Arq^ieros , — At 
Coquimbo the porphyrilic conglomerate formation ap- 
proaches nearer to the Pacific than in any other part 
of Chile visited by me, being separated from tlic coast 
by a tract only a few miles broad of the usual plutonic 
rocks, with the addition of a porphyry having a red 
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^uritic base. In proceeding to the mines of Arqneros, 
the strata of porphyritic conglomerate are at first nearly 
horizontal, an nnusual circumstance, and afterwards 
they dip gently to 8SE, After having ascended to a 
considerable height, we come to an undulaiory district 
in which the famous silver mines are situated; my 
examination was eliiefly confined to those of S. Rosa. 
Most of the rocks in tin’s district are stratified, dipping 
ill various directions, and many of them are of so 
singular a nature, tliat at tl)e risk of ])oing tedious I 
must briefly describe them. The commonest variety is 
a dull-red, com pact, finely -brecciated stone, containing 
much iron and innumerable white crystallised particles 
of carbonate of lime and minute extraneous fragments. 
Another variety is almost e([ually common near S. Rosa; 
it lias a bright green, scanty basis, including distinct 
crystals and patches of white carbonate of lime, and 
grains of red, seini-micaceous oxidt* of iron : in parts 
the basis beedmes dark green, and assumes an obseim? 
crystalline arraiigeimiif, and o<‘casionally in parts it 
becomes soft and slightly trausliuMmi like soapstone. 
Tliese r(*.d and green rocks are often quite distinct, and 
often pass into each otluT : the passage being sometimes 
affectc'd ly a fine bree(*iated structure, particles of the 
red and green matter being mingled together. Some 
of the varieties appear gradually to become porphyritic 
with feldspar ; and all of them are easily fusible into 
pale or daitcoloured beads, strongly attracted by the 
magnet. I should peu^haps have mistaken several of 
these stratified rocks for submarine lavas, like some of 
those described at the Puente del Inca, had I not ex-' 
amined, a few leagues eastward of tliis point, a fine series 
of analogous but less metamorphosed, sedimentary beds 
belonging to the gypseous formation, and probably de~ 
rived from a volcanic source. 
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This formation is intersected by numerous metal- 
liferous veins, running, though irregularly, NW. and 
SE., and generally at right angles to the many dikes^r 
The veins consist of native silver, of muriate of silver,, 
an amalgam of silver, cobalt, antimony, and arsenic,^ 
generally embedded in sulpliate of barytes. I was 
assured by Mr. Lambert., that native copper without a 
trace of silver has been found in the same vein with 
native silver without a trace of copper. At the mines 
of Aristeas, the silver veins are said to be unproductive 
as soon as they pass into the green strata, whereas at 
S. Rosa, only two or three miles distant, the reverse 
happens ; and at the time of my visit, the miners were 
working through a red stratum, in the Ijopes of the 
vein becoming productive in the underlying gi’een sedi- 
mentary mass. I have a specimen of one of these green 
rocks, with the usual granules of white cahtareous sjjar 
and red oxide of iron, al)Ounding with disseminated 
particles of glittering native and muriate of silver,, 
yet taken at the distance of one yard from any 
vein, — a circumstance, as I w^as assured, of very rare 
occurrence. 

Section Eastivanl^ np the Valley of Coqmnnho . — 
After passing for a few miles ove3’ the coast granitic 
scries, wx' come to the porphyritic c*on glomerate, witli 
its usual characters, and with some of the beds dis- 
tinctly displaying their mechanical origin. The strata, 
where first met with, are, as before stated, only slightly 
inclined ; but near tlie Hacienda of Iduclaro, we come 
to an anticlinal axis, with tlie beds much dislocatc'd and 
shifted by a great fault, of which not a trace is ex- 
ternally seen in the outline of the hill. I beli(we that 
this anticlinal axis can be traced northwards, ifito the 

* See the Keport on M. Domcyko’iH account of Uk ee miueH, in the 
* Comptes hentlus/ t. xiv. p.'660. 
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district of Arqiieros, where a conspicuous hill called 
Cerro Blanco, formed of a harsh, crealcn-coloured euritic 
rock, including a few crystals of reddish feldspar, and 
associated with some purplish claystone porphyry, seems 
to fall on a line of elevation. In descending from the 
Arqueros district, I crossed on the northern border of the 
valley, strata inclined eastward from the Pliiclaro axis : 
on the porpliyritic conglomerate there rested a mass, 
some hundred feet tliick, of brown argillaceous limestone, 
in parts (^rystalline, and in parts almost composed of 
II!ppnrilef< Chilemis^ d’Orbig. ; above this came a black 
calcareous sliale, and on it a red conglomerate. In the 
brown limestone, wdtli the Hippurites, there was an 
impression of a Pectcu and a coral, and great numbers 
of a large Grrypluna, very like, and, according to Prof. 
E. ForbevS,probably identical with G. Oriemtalis^Yovh^?^ 
MS., — a cretaceous species (probably upper greensand) 
from Verdachollum, in Southern India. These fossils 
seem to occupy nearly the same position with those at 
the Puente del Inca, — namely, at the top of the por- 
phyriiic conglomerate, and at the base of the gypseous 
formation. 

A little above the Hacienda of Pliiclaro, I made a 
detour on the northern side of the valley, to examine 
the superincumbent gypseous strata, which I estimated 
at 6,000 feet in thickness. The uppermost beds of the 
porphyritic conglomerate, on whidi the gypseous strata 
conformably rest, arc variously coloured, with one very 
singular and beautiful stratum composed of purple 
pebbles of various kinds of porphyry, embedded in 
white calcareous spar, including cavities lined with 
bright-green crystallised epidote^ The whole pile of 
strata belonging to both formations is inclined, ap- 
parently from the above-mentioned axis of Pluclaro, 
at an angle of between 20"^ and 30° to the east. I will 
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here give a section of the principal beds met with in 
crossing the entire thickness of the gypseous strata. 

First: above the porphyritic conglomerate for- 
mation, there is a fine-grained, red, crystalline sand- 
stone. 

Secondly : a thick mass of smooth-grained, calcareo- 
aluminoiis, shaly rock, often marked , with dendritic 
manganese, and having, where most compact, the ex- 
ternal appearance of honestone. It is easily fusible. 
I shall for the future, for convenience sake, call this 
variety pseudo-honestone. Some of the varieties are 
quite black when freshly broken, but all weather into 
a yellowish-ash coloured, soft, earthy substance, pre- 
cisely as is the case with the compact shaly rocks of 
the Peuqucncs range. This stratum is of the same 
general nature with many of the beds near Los Homos 
in the Illapel section. In this second bed, or in the 
underlying red sandstone, (for the surface was partially 
concealed by detritus) there was a thick mass of gypsum, 
having the same miiieralogical characters with the 
great beds described in oui’ sections across the Cor- 
dillera. 

Thirdly : a thick stratum of fine-grained, red, 
sedimentary matter, easily fusilde into a white glass, 
like the basis of claystone porphyry ; hut in parts 
jaspery, in parts hrecciated, and including crystalline 
specks of carbonate of lime. In some of the jaspery 
layers, and in some of the black siliceous slaty bands, 
there were irregular seams of imperfect pitchstone, 
undoubtedly of metamorphic origin, and other seams of 
brown, crystalline limestone. Here, also, we^te masses, 
externally resembling ill-preserved silicified wood. 

Fourthly and fifthly: calcareous pseudo-honestone ; 
and a thick stratum concealed by detritus. 

Sixthly : a thinly stratified mass of bright green. 
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compact, smooth-grained,* calcareo-argillaceoiiB stone, 
easily fusible, and emitting a strong aluminous odour ; 
the whole has a highly angulo-concretioiiary structure ; 
and it resembles, to a certain extent, some of the upper 
tufaceo-infusorial deposits of the Patagonian Tertiary 
formation. It is in its nature allied to our pseudo- 
honestone, and it includes well characterised layers of 
that variety ; and other layers of a pale green, liarder, 
and brecciated variet}'' ; and others of red sedimentary 
matter, like that of bed Three. Some ])ebl)les of por- 
phyries are embedded in the upper part. 

Seventhly : red sedimentary inattc^r or sandstone 
like that of bed One, several linndred feet in thickness, 
and including jaspery lajmrs, often having a finely 
brecciated structure. 

Eighthly : white, much indurated, almost crystalline 
ttiff, several hundred feet in thickness, including 
rounded grains of quartz and particles of green matter 
like that of bed Six. Parts pass into a veiy pale green, 
semi-porcellanic stone. 

Nintlily : red or brown coarse conglomerate, 300 to 
400 feet thick, formed chiefly of pebbles of porphyries, 
with volcanic particles, in an arenaceous, non -calcareous, 
fusible basis : the upper two feet are arenaceous without 
any pebbles. 

Tenthly; the last and uppermost stratum here 
exhibited, is a compact, slate-colourcd porphyry, with 
numerous elongated crystals of glassy feldspar, from 1 50 
to 200 feet in thickness: it lies strictly conformably 
on the underlying conglomerate, and is undoubtedly a 
submarine lava. 

Tins great pile of strata has been broken up in 
several places by intrusive hillocks of purple claystone 
porphyry, and by dikes of porphyritic greenstone ; it is 
said that a few poor metalliferous veins have been 
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discovered here. From the fusible nature and general 
appeamnce of the finer-grained sti-ata, they probably 
owe their origin (like the allied beds of the Uspallata 
range, and of the upper Patagonian Tertiary formations), 
to gentle volcanic eruptions, and to the abrasion of 
volcanic rocks. Comparing these beds with those in 
the mining district of Arqiieros, we see at both places 
rocks easily fusible, of the same peculiar bright green 
and red colours, containing calcareous matter, often 
having a finely brecciated structure, often passing into 
each other and often alternating together: hence I 
cannot doubt that the only difference between them, 
lies in the Arqueros beds having been more metamor- 
phosed (in conformity with their more dislocated and 
injected condition), and consequently in the calcareous 
matter, oxide of iron and g;reen colouring matter, having 
been segregated under a more crystalline form. 

The strata are inclined, as before stated, from 20® to 
30® eastward, towards an irregular north and south 
chain of andesitic porphyry and of 2 ^er})hyritic green-* 
stone, wliere tiny are abruptly cut ofi‘. In the valley 
of Coquimbo, near to tbe 11. of Gualliguaca, similar 
plutonic rocks are met with, apparently a southern 
prolongation of the above chain ; and eastward of it we 
have an escarpment of the porpliyritic conglomerate, 
with the strata inclined at a small angle eastward, 
which malces the third escarpment, including that 
ncaicst the coast. Proceeding up the valley we come 
to another north and south limt of granite, andesite, 
and blackish porpliyry, whi(di seem to lie in an^irregular 
trough of th(* porphyritie conglomerate. Again, on the 
south side of the K. Claro, there are some irregular 
granitic hills, which have thrown off the strat^i of porphy- 
ritic conglomerate to the NW. hj W. ; but the stratifica- 
tion here has been much disturbed. I did not proceed 
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any farther up the valley, and this point is about two- 
thirds of the distance between the Pacific and the 
main Cordillera. 

I will describe only one other section, namely, on 
the north side of the E. Claro, which is interesting 
from containing fossils : the strata are much dislocated 
by faults and dikes, and are inclined to the north, 
towards a mountain of andesite and porphyry, into which 
they appear to become almost blended. As the beds 
approach this mountain, their inclination increases up 
to an angle of 70°, and in the upper part, the rocks 
become highly metamorphosed. The lowest bed visible 
in this section, is a imrplish hard sandstone. Secondly, 
a bed 200 or 300 feet thick, of a white siliceous sand- 
stone, with a calcareous cement, containing seams of 
slaty sandstone, and of hard yellowish-brown (del omit ic?) 
limestone ; numerous, well-rounded, little pebbles of 
quartz are included in the sandstone. Thirdly, a dark 
coloured limestone with some quartz pebbles, from fifty 
to sixty feet in thickness, containing niunerous silicified 
shells, presently to be enumerated. Fouithly, very 
compact, calcareous, jasj)ery sandstone, passing into 
(fifthly) a great bed, several hundred feet thick, of 
conglomerate, composed of pebbles of whiU^, red, and 
purple porphyiies, of sandstone and quartz, cemented 
by calcareous luatter. I observed that some of the 
finer parts of this conglomerate- were much indurated 
within a foot of a dike eight feet in width, and were 
rendered of a paler colour with the calcareous matter 
segregated into white crystallised particles ; some parts 
were stained green from the colouring mattei* of the 
dike. Sixthly, a thick mass, obscurely stratified, of a 
red sedimentary stone or sandstone, full of crystalline 
calcareous matter^ imperfect crystals of oxide of iron, 
and I believe of feldspar, and therefore closely resem- 
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bling some of tbe highly metamorphosed beds at Ar- 
queros : this bed was capped by, and appeared to pass 
in its Tipper part into, rocks similarly coloured, con- 
taining calcareous matter, and abounding with minute 
crystals, mostly elongated and glassy, of reddish albite* 
Seventhly, a conformable stratum of fine reddish por- 
phyry with large crystals of (albitic?) feldspar; pro- 
bably a submarine lava. Eighthly, another conformable 
bed of green porphyry, with specks of green earth and 
cream-coloured crystals of feldspar, t believe that 
there are other superincumbent crystalline strata and 
submarine lavas, but I had not time to examine them. 

The upper beds in this section probably correspond 
with parts of the great gypseof.is formation ; and the 
lower beds of red sandstone conglomerate and fussili- 
ferous limestone no doubt* are the equivalents of the 
Hippurite stratum, seen in descending from Arqueros 
to Pluclaro, which tliere lies conformably upon the 
porphyritic conglomerate formation. The fossils found 
in the third bed, consist of — 

Pecten Dufreynoyi, d’Orbig. ^Voyage, Part. Pal.’ 

This spocics, which occurs hero in vast numherB, according to M. 
d’Orhigny, rcseinblos certain crotucoous fonns. 


Ostrea hemispherica, d’Orbig. ‘'Voyage, &c.’ 

Also resembles, according to tlic same author, cretaceous forms. 

Terebratula ajnigma, d’Orbig. ‘ Voyage, &c.’ (PL 
XXIL figs. 10 — 12), and PI. V. figs, 10, 11, 12 of this 
work. « 

Is allied, according to H. d’Orbigiiy, to T. eoncinna from ^the Torest 
Marble. A series of tliis species, collected in several localities here- 
after to be referred to, has been laid before Prof. E. Forbes ; and he 
informs mo that many of the sjiocimens are almost undistingiiishable 
from our oolitic T. tetraedra, and that tho varieties amongst them are 
such as are found in that variable species. Generally, speaking the 
American specimens of T. senigma may be distinguished from the 

N w 2 
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British T. tctraodra, by the surface Imring the ribs sharp and well 
defined to the beak, whilst in the British species they become obsolete 
and smoothed down ; but this ‘difference is not constant. Prof. Forbes 
adds, that, possibly, intcriial characters may exisi , which would distin- 
guish the American species from its European allies. 

Spirifer linguiforoides, E. Forbes, PI. V. figs. 17, 18* 

Professor Forbes states (see Appendix) that this species is very near 
to 8. lingtiifora of Phillips (a e.irboniferous limestone fossil), but pro- 
bably distinct. M. d'Orbigny considers it as perhaps indicating the 
Jurassic period. 

Araznonitos, imperfect impression of. 

M. Domeyko lias sent to France a collection of 
fossils, which, I presume, from the description given, 
must have come from the neighbourhood of Arqueros ; 
they consist of — 

Pecten Dufrej^noyi, d’Orbig. ‘ Voyage. Part. Pal.’ 

Ostrea hemispherica, do. do. 

Turritella Aiidii, do. do. (Pleurotomaria Humboldtii 
of Von Buch). 

Hippurites Chilensis, do. do. 

The specimens of this Hippurito, as well as those I collected in my 
descent from jVrquoros, are very imperfect; but in M. d’Orbigny’s 
opinion ilioy resemble, as docs the Turritella Andii, cretaceous (upper 
greensand) fonns. 

Nautilus Domeykus, d’Orbig. do. do. 

Terebratula senigma, do. do. 

Terebratula ignaciana, do, do. 

This latter Sj)ecies was fonnd by M. Domeyko in the same block of 
limestone with the T. fcnigma. According to M. d’Orbigny, it comes 
near to T. ornithocephala from the Lias. A series of this species col- 
lected at Guasco, lias been examined by Professor E. J^orbes, and lie 
states that it is difficult to distinguish between some of the specimens 
and the T. hastata from the moiinfa.m Jimestono ; and that it is equally 
difficult to draw a line bctwecii them and some Marlstone Terobratulsr. 
Without a knowledge of the int.ernal structure, it is impossible at present 
to decide on tlnur identity with analogous European forms. 

The reinarkf! given on the several foregoing shells, 
show that, in M. rl’Orhigny’s opinion, the Pecten, 
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Ostrea, Turritella, and Hippurite indicate the creta- 
ceous period; and the Grryphsea appears to Prof. 
Forhes to be identical with a species, associated in 
Southern India witli unquestionably cretaceous forms. 
On the other hand, the two Terebrat ala? and tlieSpirifer 
point, in the opinion both of M, d'Orbigny and Prof. 
Forbes, to tlie oolitic scries. Hence M.-d’Orbigny, not 
having himself examined tliis country, lias concluded 
that there are here two distinct formations ; but the 
Spirifer and T. jenigma wore certainly included 
in the same bed with the Pecten and Ostrea, whence I 
extracted them ; and the geologist M. Domeyko sent 
home the two TerebratuLn with the otlicr-named shells, 
from the same locality, without specifying that they 
came from different beds. Again, as we shall presently 
see, in a collection of shells given me from Guasco, the 
same species, and others presentinganalogoiis differences 
ai’e mingled together, and are in the same condition ; 
and lastly, in three places in the valley of Copiapo, I 
found some of these same species similarly grouped. 
Hence there cannot be any doubt, highly curious 
though the fact be, that these several fossils, namely, 
the Hippurites, Gryphsea, Ostrea, Pecten, Turritella, 
Nautilus, two Terebratulse, and KSpirifor all belong to 
the same formation, which would aj)pear to form a 
passage between the oolitic and cretaceous systems of 
Europe. Althougli aware how unusual the term must 
sound, I shall, for convenience sake, call this formation 
cretaceo-oolitic. Comparing the sections in this valley 
of Coquimbo with those in the Cordillera described in 
the last chapter, and bearing in mind the character of 
the beds in the intermediate district of Los Hornos, 
there is certainly a close general mineralogical resem- 
blance between tliem, both in the underlying porphy- 
ritic conglomerate, and in the overlying gypseous 
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formation* Considering tins resemLlance, and that the 
fossils from the Puente del Inca at the base of the 
gypseous formation, and throughout the greater part of 
its entire thickness on the Peuquenes range, indicate 
the Neocomian period, — that is, the dawn of the cre- 
taceous system, or, as some have believed, a passage be- 
tween this latter and the oolitic series — I conclude that 
probably the gypseous and associated beds in all the 
sections hitherto described, belong to the same great 
formation, wliich I have denominated — cretaceo-ooKtic. 
I may add, before leaving Coquimbo, that SI. Gay found 
in the neighbouring Cordillera, at the height of 14,000 
feet above the sea, a fossiliferous formation, including a 
Trigonia and Pholadomya ; ^ — both of which genera 
occur at the Puente del Inca. 

Coquimbo to Guasev . — The rocks near the coast, 
and some way inland, do notditfer from those described 
northwards of Valparaiso: we liave much greenstone, 
syenite, feldspatlnc and jaspery slate, and grauwackes 
having a basis like that of claystone ; there are some 
large tracts of granite, in which the constituent 
minerals are sometimes arranged in folia, thus compos- 
ing an imperfect gneiss. There are two large districts 
of mica-schist, passing into glossy clay-slate, and re- 
sembling the great formation in the Chonos Archipelago* 
In the valley of (hiasco, an escarpment of porphyritic 
conglomerate is first seen high up the valley, about two 
leagues eastward of the town of Ballenar. I heard of a 
great gypseous formation in the Cordillera ; and a col- 
lection of shells made there was given me* These 
shells are all in the same condition, and appear to have 
come from the same bed : they consist of — 


* D’Orbigny, ‘ Vuj'iigf* Part. G(5olog,’ p. 242. 
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Turritella Andii, d’Orbig. ‘ Voyage, Part. Pal.’ 

Pecten Dufreynoyi, do. 

Terebratula ignaciana, do. 

The relations of these species have been given under the head of 
Coquimbo. 

Terebratula tenigma, d’Orbig. Voyage, Part. Pal.’ 
{var. E. Forbes, PI. V. figs. 13, 14). 

This shell M. d’Orbigny does not consider identical with bis T. 
«enigma, but nonr to T. ob8(deta. Professor Forbes thinks that it is cer- 
tainly a variety of T. ffinigmii, and his observations on this species are 
given in the list of fossils from Coquimbo : wo shall meet with this 
variety again at Copiapo. 

Spirifer Cliilensis, E. Forbes, PI. V. figs. 15, 16. 

Professor Forbes remarks that this fo.st<il resembles several carboni- 
ferous lime.''toiie .^pirifers ; and that it is also related to some liassic 
^species, as 8. Wolcotii. 

If these shells had been examined independently of 
the otlier collections, they would probably have been 
considered, from tlie characters of the two Terebratulsc 
and from the Spirifer, as oolitic ; but considering that 
the three first species, and according to Professor Forbes, 
the four first, are identical with those from Coquimbo, 
the two formations no doubt are the same, and may, 
•as I have said, be provisionally called cretaceo-oolitic. 

YalUy of Cojjiapo , — The journey from Guasco to 
Copiapo, owing to the utterly desert nature of the 
countiy, was necessarily so hurried, that I do not con- 
sider my notes worth giving. In the valley of Copiapo 
some of the sections are very interesting. From the 
sea to the town of Copiapo, a distance estinjated at 
thirty miles, the mountains are composed of greenstone, 
gmnite, andesite, and blackish porphyry, together with 
some dusky-green feldspathic rocks, which I believe to 
be altered clay-slate : these mountains are crossed by 
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many brown-coloured dikes, running north and south. 
Above the town, tlie main valley runs in a south-east 
and even more southerly course towards the Cordillera, 
where it is divided into three gTeat ravines, by the 
northern one of which, call Jolquera, I penetrated for a 
short distance. The coloured section, fig. 3 in Plate I., 
gives an eye-sketch of tlie structure and composition 
of the mountains on hot In sides of tliis valley : a straight 
east and west line from tlie town to the (^ordillcra is 
perhaps not more than thirty miles, but along the 
valley the distance is much gieater. Wherever the 
valley trended very southerly, 1 have endeavoured to 
contract the section into its true proportion. This 
valley, I may add, rises much more gently than any 
other valley which I saw in Chile. 

To commence witli our section, for a short distance 
above the town we have hills of the granitic series, 
together with some of that rock, [A], which I suspect 
to be altered clay-slate, but which Prof. G. Pose, judg^ 
ing from specimens collected by IMcyen at 1\ Negro, 
states is serpentine passing into greenstone. We then 
come suddenly to the great Gypsc^ous formation [B] 
without having passed over, differently from in all the 
sections hitherto described, any of the porphyritie con- 
glomerate. The strata are at first either liorizontal or 
gently inclined westward ; then higldy inclined in 
various directions, and contorted by undeidying masses 
of intrusive rocks ; and lastly, they have a regular east- 
ward dip, and form a tolerably well pronounced north 
and south line of hills. This formation consists of 
thin strata, with innumerable alternations, of black, 
calcareous slato-rock, of calcjireo-aluminous stones like 
those at Coquimbo, whicli I Imvc called pseudo-hone- 
stones, of green jaspery layers, and of pale-pui'plish 
calcareous, soft rottenstone, including seams and veins 
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of gypsum. These strata are conformably overlaid by a 
great thickness of thinly stratified, compact limestone 
with included crystals of carbonate of lime. At a place 
called Tierra Amarilla, at the foot of a mountain thus 
composed, there is a broad vein, or perhaps stratum, of 
a beautiful and curiouwS crystallised mixture, composed, 
according to Prof. (1. Kose,' of sulphate of iron under 
two forms, and of the sulpliates of copper and alumina : 
the section is so obscure that I could not make out 
whether this vein or stratum occurred in the gypseous 
formation, or more probably in some underlying masses 
[A], which I believe are alt(Ted clay-slate. 

SecwKl Axis of Elevation . — After tlie gypseous 
masses [B], we come to a line of hills of unstratified 
porphyry [C], which on their eastern side blend into 
strata of great thickness of porpliyritic conglomerate, 
dipping eastward. This latter formation, however, here 
has not been nearly so much metamorphosed as in most 
parts of central Chile ; it is composed of beds of true 
purple claystone porphyry, repeatedly alternating with 
thick beds of purplish-red conglomer<ate with the well- 
rounded, lai'ge pebbles of various porphyries, not blended 
together. 

Third Axis of Elevation . — Near the ravine of Los 
Hornitos, there is a widl-marked line of elevation, 
extending for many miles in a NNE. and SSW. direc- 
tion, with the strata dipping in most parts (as in the 
second axis) only in one direction, namely, eastward at 
an average angle of between 30° and 40°. Close to the 
mouth of the valley, however, there is, as represented 
in the section, a steep and high inoiintain [T)], composed 
of various green and brown intrusive j^orphyries en- 
veloped with strata, apparently belonging to the upper 
parts of the porpliyritic conglomerate, and dipping 
‘ Mo 3 »en'fj ‘Keiso,* &c. Th. 1. s. 394. 
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both eastward and westward. I will describe the 
section seen on tlie eastern side of this raountain [D], 
beginning at the base with the lowest bed \isible in 
the porphyritic conglomerate, and proceeding upwards 
through the gypseous formation. Bed (1) consists of 
reddish and brownish porphyry varying in character, 
and in many parts highly amygdaloidal with carbonate 
of lime^ and with bright green and brown bole. Its 
upper surface is tliroughout clearly defined, but the 
lower surface is in most parts indistinct, and towards 
the summit of tlie mountain [D] quite blended into 
the intrusive porpliyries. Bed (2), a pale lilac, hard 
but not heavy stone, slightly laminated, including small 
extraneous fragment s, and imperfect as well as some 
perfect and glassy crystals of feldspar ; from 150 to 
200 feet in tliickness. When examining it in situ^ 
I thought it was ceiiainly a true porphyry, but my 
specimens now lead me to stispect that it possibly may 
be a metamorphosed tuflP. From its colour it could be 
traced for a long distancf% overlying in one part, quite 
conformably to the porphyry of bed 1, and in another 
not distant part , a very thick mass of conglomerate, 
composed of pebbles of a porphyiy chiefly like that of 
bed 1 : this fact shows how the nature of the bottom 
formerly varied iu short horizontal distances. Bed (3), 
white, much indurated tuff, containing minute pebbles, 
broken crystals, and scales of mica, varies much in 
thickness. This bed is remarkable from cont^ininir 
many globular and pear-shaped, externally rusty twills, 
from the size of an apple to a man’s head, of very 
tough, slate-coloured porphyry, with imperfect crystals 
of feldspar : in shape these balls do not resemble pebbles, 
and I believe that they are subaqueous volcanic bombs ; 
they differ from suhaerial bomba only in not being 
vesicular. B^d (4) ; a dull purplish-red, hard conglo- 
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merate, with crystallised particles and veins of carbonate 
of lime, from 300 to 400 feet in thickness. The 
pebbles are of claystone porphyries of many varieties ; 
they are tolerably well rounded, and vary in size from 
a large apple to a man's head. This bed includes 
three layers of coarse, black, calcareous, somewhat 
slaty rock : the upper pait passes into a compact red 
sandstone. 

In a foi-mation so highly variable in mineralogical 
nature, any division nob founded on fossil remains, 
must be extremely arbitrary: nevertheless, the beds 
below the last conglomerate may, in accordance with 
all the sections hitherto described, be considered as 
belonging to the porphyritic conglomerate, and those 
above it to the gypseous formation, marked [E] in the 
section. Tlu^ l)art of the valley in which the following 
beds are seen is near Potrero Seco. Bed ( 0 ), compact, 
fine-grained, pale greenish-gray, non-calcareous, indu- 
rated mudstone, easily fusilde into a pale green and 
white glass. Bed (6), purplish, coarse-grained, Jiard 
sandstone, with broken crystals of feldspar and crystal- 
lised particles of carbonate of lime ; it possesses a 
slightly nodular structure. Bed (7), bhickish-gray, 
mucli indurated, calcareous mudstone, with extraneous 
particles of unequal size ; the whole being in parts 
finely brecciated. In this mass there is a. stratum, twenty 
feet in tliickness, of impure gypsum. Bed (8), a 
gi’ec‘nish mudstone, with several layers of gypsum. Bed 
(9), a highly indurated, easily fusible, whitt^ tuff, thickly 
mottled with ferruginous matter, and including some 
white semi-porcellanic layers, which m'e interlaced with 
ferruginous veins. This stone closely resembles some 
of the commonest varieties in the IJspallata chain. 
Bed (10), a thick bed of rather bright green, indurated 
mudstone or tufiF, with a concretionary nodular structure 
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so strongly developed that the whole mass consists of 
balls. I will not attempt to estimate the thickness of 
the strata in the gypseous formation hitherto described, 
but it must certainly be very many hundrcid feet. Bed 
(11 ) is at least 800 feet in thickness : it consists of thin 
layers of whitish, greenish, or more cominonly brown, 
finc'-grained indurated tuffs, which crumble into angular 
fragments : some of the layers are seTni-j)orcel]anic, 
many of them highly ferruginous, and some are almost 
composed of carbonate of lime and iron with drnsy 
cavities lined with (]uartz-crystals. Bed (12), dull pur- 
plish or greenish or dark-gray, very compact and much 
indurated mudstone : estimated at l,o00 feet in tliick- 
ness : in some parts this rock assumes the character of 
an imperfect coarse clay-slate ; but viewed under a lens, 
the basis always has a mottled appearance, with the 
edges of the minute component particles blending to- 
gether, Parts are calcareous, and there avc^ numerous 
veins of highly crystalline carbonate of lime charged 
with iron. The mass has a nodular structun*, iind is 
divided by only a few planes of stratification : there 
are, however, two layers, each about eighteen inches 
thick, of a dark brown, finer-grained stone, liaving a 
conchoidal, scmi-porcellanic fracture, which can be 
followed with the eye for some miles across tli(‘ country, 
I believe this last great bed is covened l)y other 
nearly similar alievnations ; but the section is hero 
obscured by a tilt from the next- porpliyritic cliain, 
presently to be described. I have given this section in 
detail, as being illustrative of the general character of 
the mountains in tliis neighbourhood ; but it musi/ not 
be supposed that any one stratum long presoj’ves the 
same character. At a distance of between only two and 
three miles, the green mudstones and white indurated 
tuffs are to a great extent replaced by red sandstone 
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and black calcareous sbaly rocks, alternating together. 
The white indurated tuff, bed (11), here contains little 
or no gypsum, whereas on the northern and opposite 
side of the valley, it is of much greater thickness and 
abounds with layers of gypsum, some of them alternat- 
ing with thin seams of crystalline carbonate of lime. 
Tlie uppermost, dark coloure<l, hard mudstone (bed 12) 
is in this ncdghbourliood the most constant stratum. 
The whole series differs to a considerable extent, 
especially in its upper part, from that met with at 
[BB], in the lower part of the valley ; nevertheless, I 
do not doubt that they are equivalents. 

Fourth Axis of Elevation , {Valley of Cojpiapo .') — 
Tliis axis is formed of a chain of mountains [ F], of 
which the central masses (near Ira Punta) consist of 
andesii c containing green liornblende and coppery mica, 
and the outer masses of greenish and black porphyries, 
together with some fine lilac-coloured claystone por- 
phyry ; all these porphyries being injected and broken 
up by small hummocks of andesite. The central great 
mass of this latter rock, is covered on the eastern side 
by a black, fine-grained, highly micaceous slate, which, 
together with tlie succeeding mountains of porphyry, 
are traversed by numerous white dikes, branching from 
the andesite, and some of them extending in stmight 
lines, to a distance of a least two miles. The mountains 
of porphyry eastward of the micaceous schist soon, but 
gradually, assume (as observed in so many other cases) 
a stratified structure, and can then bo recognized as a 
pait of the porphyritic conglomerate formatiom These 
strata [G] arc inclined at a high angle to the SE., and 
form a mass from 1,500 to 2,000 feet in thickness. 
, The gypseous masses to the west ab'eady described, dip 
directly towards this axis, Avith the stmta only in a few 
places (one of which is represented in the section) 
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thrown from it ; hence this fourth a;xis is mainly 
uniclinal towards the SE., and just like our third axis> 
only locally anticlinal* 

The above strata of porphyritic conglomerate [GrJ 
with their south-eastward dip, come abruptly up against 
beds of the gypseous formation [H], which arc gently, 
but irregularly, inclined westward: so that there is 
here a synclinal axis and great fault. Farther up the 
valley, here running nearly north and south, the gypse- 
ous formation is prolonged for some distance ; but the 
stratification is unintelligible, tlie whole being broken 
up by faults, dikes, and metalliferous veins. The strata 
consist chiefly of red calcareous sandstones, with nume- 
rous veins, in the place of layers, of gypsum ; the sand- 
stone is associated with some black calcareous slate-rock, 
and with green pseudo-honestones, passing into porce- 
lain-jasper. Still farther up the valley, near Las Amo- 
lanas, [I] the gypseous strata become more regular, 
dipping at an angle of between 30'’ and 40° to WSW., 
and conformably overlying, near the month of the ravine 
of Jolquera, strata [K] of porphyrit ic c onglomerate. The 
whole series has been tilted by a partially concealed 
axis [L], of granite, andesite, and a granitic mixture 
of white feldspar, quartz, and oxide of iron, 

¥iftk of Elevation {Valley of CopiapOy near 
Los Amolarias ). — I will describe in some detail the 
beds [I] seen here, which as just stated, dip to WSW*, 
at an angle of from 30° to 40°. I had not time to 
examine the underlying porphyritic (jonglomorate, of 
which the lowest beds, as seen at the mouth of the 
Jolquera, are highly compact, with crystals of red oxide 
of iron ; and I am not prepared to say whether they 
are chiefly of volcanic or metamorphic origin. On ^ 
these beds there rests a coarse purplish conglomerate, 
very little metamorphosed, composed of pebbles of 
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porphyry, but remarkable from containing one pebble 
of granite ; — of which fact no instance has occurred in 
the sections hitherto described. Above this conglome- 
rate, there is a black siliceous clay-stone, and above it 
numerous alternations of dark-purplish and green por- 
phyries, which may be considered as the uppermost 
limit of the porphyritic conglomerate formation. 

Above these porphyries comes a coarse, arenaceous 
conglomerate, the lower half white and the upper half 
of a pink colour, composed chie% of pebbles of various 
porphyries, but with some of red sandstone and jaspery 
rocks. In some of the more arenaceous parts of the 
conglomerate, there was an oblique or current lamina- 
tion ; a circumstance which I did not olsewhej’c observe. 
Above this conglomerate, there is a vast thickness of 
thinly stratified, pale-yellowish, siliceous sandstone, 
passing into a granular quartz-rock, used for grindstones 
(hence the name of the place Lm Amolanm\ and 
certainly belonging to the gypseous formation, as does 
probably the immediately underlying conglomerate. 
In this yellowish sandstone there are layers of white 
and pale-red siliceous conglomerate ; other layers with 
small, well-rounded pebbles of white quart-z, like the 
bed at the E. Claro at Coquimbo ; others of ii greenish, 
fine-grained, less siliceous stone, somewhat resembling 
the pseudo-honestones lower down the valley ; and 
lastly, others of a black calcareous shale-rock. In one 
of the layers of conglomerate, there was embedded a 
fragment of mica-slate, of winch this is the first instance; 
hence, perhaps, it is from a formation of mica-slate, 
that the numerous small pebbles of quartz, both'^here 
and at Coquimbo, have been derived. Not only does 
the siliceous sandstone include layers of the black, 
thinly stratified, not fissile, calcareous shale-rock, but 
in one place the whole mass, especially the upper part, 
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was, in a marvellously short horizontal distance, after 
frequent alternations, replaced by it. When this 
occurred, a mountain-mass, several thousand feet in 
thickness was thus composed ; the black calcareous 
shale-rock, however, always included some layers of the 
pale-yellowish siliceous sandstone, of the red conglome- 
rate, and of the greenish jaspery and psoudo-honestone 
varieties. It likewise included three or four widely 
feeparated layers of a brown limestone, abounding with 
shells immediately to be described. This pile of strata 
was in parts traversed by many veins of gypsum. The 
calcareous shale-rock, though when freshly broken quite 
black, weathers into an a.sb-colour; in which respect 
and in general appearance, it perfectly resembles those 
great fossiliferous teds of the Peuquenes range, alterna- 
ting with gypsum and red sandstone, described in the 
last chapter. 

The si 1 ells out of the layers of brown limestone, in- 
cluded in the black calcareous sbale-rock, which latter, 
as just stated, replaces the white siliceous sandstone, 
consist of — 

Pocten Dufreynoyi, d’Orhig. ^Voyage, Part. Pal.’ 

Turritella Andii, do. 

Eolati'Jiis given in the list from Coqiiimbo. 

Astarte Darwinii, E. Forbes, PI. V. figs. 22, 23. 

Grypluea Parwinii, do. PI. Y. fig. 7. 

An intermedinte form belwocn G. giguntea and G. incurva. 

Grypluea, now spec. ? do. PI. Y, figs. 8 and 9. 

Perna AmoTicana,do. PL V. figs. 4, 5, 6. 

Avicula, nov, spec. 

Considered by Mr. d. B. Sowerby os the A. cchinata, by M. d’Orbigny 
as certainly a new jind distinct species, having a JuKissic aspect. The 
specimen has been unfortunately lost. 
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Terebratulacenigma, d’Orbig. (var, of do. E. Forbes, 
Pi. V. figs. 13, 14). 

This is the sfitno raricty, with that from Criiasco, considered hy M. 
d^Orbigny to be a distinct species from his T. aenigma, and related to 
T. obsolete. 

Plagiostoma and Ammonites, fragments of. 

The lower layers of the limestone contained thou- 
sands of the Gryphsea ; and the upper ones as many 
of the Tiirritella, with the Gryphsea (nov. spec.) and 
Serpulse adhering to them ; in all the layers, the Tere- 
hratula and fragments of the Pecten were included. 
It was evident, from the manner in which the species 
were grouped together, that they had lived where now 
embedded. Before making any further remarks, I may 
state, that higlier up this same valley we shall again 
meet with a similar association of shells ; and in the 
great Despoblado Valley, which brandies off near the 
town from that of Copiapo, the Pecten Dufreynoyi, 
some Grypliites (I believe G. Darwinii), and the true 
Terebratnla senigma of d’Orbigny were found together 
in an equivalent formation as will be hereafter seen. 
A specimen also, I may add, of the true T. senigma, 
was given me from the neighbour! lood of the famous 
silver mines of Chanuncillo, a little south of tlie valley 
of Copiapo, and these mines, from their position, I have 
no doii])t,lie within the great gjqiseous formation: the 
rocks close to one of the silver veins, judging from 
fragments shown me, resemble those singular meta- 
moiphosed deposits from the mining district of Arqiieros 
near Coquimbo. ^ 

I will reiterate the evidence on the association of 
these several shells in the several localities. 
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Pecten l>ufreyjioyi^ 
Ostrea homispherica 
Terobratiila senigma 
Spirifor linguiferoides 


Ooquimho, 

in the same bed, Bio Claro. 


Hippuritos Chilensis I 
Gryphaja orientalis | 

Terebratula jenigma 1 

— ignaciana ) 

Pecten Diifreynoyi 
Ostrea hcmispherica 
IlippuriteB Chilensis 
TuiTitella Andii 
Nautilus Domoykus 


same bed, ne^r Arqueros. 
in same block 

of limestone. Collected by M. Domcyko 
I from the same lociility, 

I apparently near Arque- 
ros. 


Guasco. 


Pecten Dufreynoyi | 

Turritella Andii In a collection from tho Cordillera, given 

Terebratula ignaciana [“ me : the specimens all in tho same con- 

aenigma, var, j ' dition. 

iSpirifer Chilensis. 1 


Copiapo* 


Pecten Dufreynoyi 
Turritella Andii 

Terebratula renigma, var. as at Guasco 
iiscarie j^arwiiiu 
Gryphiea Darwinii 

iiov. spec, ? 

Pcrna Americana 
Avicala, noY. spec. 


I a«.i unit'd tOgetl 

}* ley of Copiapo near Ltxs 
I Amolaiias, and likewise 
j higher np tho valley. 


Tcrebratnla senigma (true) 

Terebratula senigma (true) 
Pecten Dufreynoyi 


{ Main valley of Copiapo, apparently 
same formation ndththat of Amolanas. 
\ In tho same b(^l, high up tlie gi'eet 
j- lateral valley of tho Despohlado, in 
tho ravine of Maricongo, 


Considering this table, I think it is impossible to 
doubt tliat all these fossils belong to t he same formation. 
If, however, the species from Las Amolanas, in the 
Valley of Copiapo, had, as in the case of those from 
Gruasco, been separately examined, they would probably 
have been ranked as oolitic ; for, although n’o Spirifers 
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were found here, all the other species, with the except 
tion of the Pecten, Turritella, and Astarte, have a more 
ancient aspect than cretaceous forms. On the other 
hand, taking into account the evidence derived from 
the cretaceous character of these three shells, and of 
the Hippurites, Gryphsea orientalis, and Ostrea, from 
Coquimbo, we are driven back to the provisional name 
already used of cretaceo-oolitic. From geological 
evidence, I believe this formation to be the equiva- 
lent of the Neocomian beds of the Cordillera of Central 
Chile. 

To return to our section near Las Amolanas : — 
Above the yellow siliceous sandstone, or the equivalent 
calcareous slate-rock, with its bands of fossil-shells, 
according as the one or the other prevails, there is 
a pile of vstrata, which cannot be less than from 2,000 
to 3,000 feet in thickness, in main part composed of 
a coarse, bright, red conglorperate, with many inter- 
calated beds of red sandstone, and some of green and 
other coloured porcelain-jaspery layers. The included 
pebbles are well rounded, varying from the size of an 
• egg to that of a cricket-ball, with a few larger ; and 
they consist chiefly of porphyries. The basis of the 
conglomerate, as well as some of the alternating thin 
beds, are formed of a red, rather harsh, easily fusible 
sandstone, with crystalline calcareous particles. This 
whole great pile is remarkable from the thousands of 
huge, embedded, silicified trunks of trees, one of which 
was eight feet long, and another eighteen feet in cir- 
cumference : how maiwellous It is, that every vessel in 
so thick a mass of wood should have been converted 
into silex ! I brought home many specimens, and all of 
them, according to Mr. E. Brown, present a coniferous 
structure. 

Above this great conglomerate, we have from 200 to 
. o o 2 
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300 feet in thickness of red sandstone ; and above this, 
a stratum of black calcareous slate-rock, like that 
which alternates with and replaces the underlying 
yellowisli white, siliceous sandstone. Close to the 
junction between this upper black slatcvrock and the 
upper red sandstone, I found the Gn/phcca Danomii^ 
the Tim^ifella Andi% and vast numbers of a bivalve, 
too imperfect to be recognised. Hence we see that, as 
far as the evidence of ihese two shells serves — and the 
Turritella is an eminently clniractcristic species - the 
wliole thickness of this vast’ pile of strata belongs to 
the same age. Again, above the last-mentioned upper 
red sandstone, there were several alternations of the 
black, calcareous slate-rock ; but I was unable to ascend 
to them. All these uppermost strata, like the lower ones, 
vary extremely in character in short horizontal distances. 
The gypseous formation, as here seen, has a coarser, 
more mechanical texture, and contains much more 
siliceous matter than the corresponding beds lower 
down the valley. Its total thickness, together with the 
upper beds of the porphyritic conglomerate, I estimated 
at least at 8,000 feet ; and only a small portion of the 
porphyritic conglomerate, which on the eastern flank of 
the fourth axis of elevation appeared to be from 1,500 
to 2,000 feet thick, is here included. As corroborative 
of the great thickness of the gypseous formation, I 
may mention that in the Despoblado Valley (which 
branches from the main valley a little above the town 
of Copiapo) I found a corresponding pile of red and 
white sandstones, and of dark, calcareous, somi-jaspery 
mudstones, rising from a nearly level surface and 
thi’own into an absolutely vertical position ; so that, by 
pacing, I ascertained their thickness to be nearly 2,700 
feot ; taking this as a standard of comparison, I esli- 
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mated the thickness of the strata ohove, the porphyritic 
conglomerate at 7,000 feet* 

The fossils before enumerated, from the limestone- 
layers in the whitish siliceous sandstone, are now 
covered, on the least computation, by strata from 5,000 
to 6,000 feet in thickness. Professor E, Forbes thinks 
that these shells probably lived at a depth of from about 
thirty to forty fathoms, that is from 180 to 240 feet ; 
anyhow, it is impossible that they could have lived at 
the depth of fi'om 5,000 to 6,000 feet. Hence in tliis 
case, as in that of the Puente del Inca, we may safely 
conclude that the bottom of the v^ea on which the shells 
lived, subsided, so as to receive the superincumbent 
submarine strata : and this subsidence must have taken, 
place during the existence of these shells ; for, as I 
have sho^vn, some of them occur high up as well as low 
down in the series. That the bottom of the sea sub- 
sided, is in harmony with the presence of the layers of 
coarse well-rounded pebbles included throughout this 
whole pile of strata, as well as of the great upper mass 
of conglomerate from 2,000 to 3,000 feet thick ; for 
coarse gravel could hardly have been formed or spread 
out at tlie profound dej^tlis indicated by the tliickness 
of the strata. The subsidence, also, must have been 
slow to have allowed of this often-recurrent spreading 
out of the pebbles. Moreover, we shall presently see 
that the surfaces of some of the streams of porphyritic 
lava beneath the gypseous formation, are so highly 
amygdaloidal that it is scarcely possible to believe that 
they flowed under the vast pressure of a deep ocean. 
The conclusion of a great subsidence during the exist- 
ence of tlieSe cretaceo-oolitic fossils, may, I believe, 
be extended to the district of Coquimbo, although 
owing to the fossiliferons beds there not being ditecUy 
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covered by the upper gypseous strata, which in the 
section north of the valley are about 6,000 feet in thick- 
ness, I did not there insist on this conclusion. 

The pebbles in the above conglomerates, both in 
the upper and lower t)eds, are all well rounded, and, 
though chiefly composed of various porphyries, there 
are some of red sandstone and of a jaspery stone, both 
like the rocks intercalated in layers in this same 
gypseous formation ; there was one pebble of mica-slate 
and some of qaartZy together with many particles of 
quartz. In these respects there is a wide difference 
between the gypseous conglomerates and those of the 
porphyri tic-conglomerate formation, in which latter, 
angular and rounded fragments, almost exclusively 
composed of porphyries, are mingled together, and 
which, as already often remarked, probably were ejected 
from craters deep under the sea. From these facts I 
conclude, that during the formation of the conglome- 
rates, land existed in the neighbourhood, on the shores 
of which the innumerable pebbles were rounded and 
thence dispersed, and on which the coniferous forests 
flourished — for it is imj)robable that so many thousand 
logs of wood should have been drifted from any great 
distance. Tliis laud, probably islands, must have been 
mainly formed of porphyries, with some mica-slate, 
whence the quartz was derived, and with some red sand- 
stone and jaspery rocks. This latter fact is important, 
as it shows that in this district, even previously to the 
deposition of the lower gypseous or cretaceo-oolitic beds, 
strata of an analogous nature had elsewhere, no doubt 
in the more central ranges of the Cordillera, been 
elevated ; thus recalling to our minds the* relations of 
the Cumbre and Uspallata chains. Having already 
referred to the great lateral valley of the Despoblado, 
I many mention that above the 2,700 feet of red and 
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white sandstone and dark mudstone, there is a vast 
mass of coarse, hard, red conglomerate, some thousand 
feet in thickness, which contains much silicified wood, 
and evidently corresponds with the great upper con- 
glomerate at Las Amolanas : here, however, the con- 
glomerate consists almost exclusively of pebbles of 
granite, and of disintegrated crystals of reddish feldspar 
and quartz firmly recemented together. In this case, 
we may conclude that the land whence the pebbles were 
derived, and on which the now silicified trees once 
flourished, was formed of granite. 

The mountains near Las Amolanas, composed of 
the eretaceo-oolitic strata, are interlaced with dikes like 
a spider’s web, to an extent which I have never seen 
equalled, except in the denuded interior of a volcanic 
crater: north and south lines, however, predominate. 
These dikes are composed of green, white, and blackish 
rocks, all porphyritic with feldspar, and often with 
large crystals of hornblende. The white varieties 
approach closely in character to andesite, which com- 
p<ises,as we have seen,1bhe injected axes of so many of 
the lines of elevation. Some of the green varieties 
are fin^ely laminated, parallel to the walls of the dikes. 

Sixth of Elevation {Valley of Copiapo ). — 
This axis consists of a broad mountainous mass [ 0 ] of 
andesite, composed of albite, brown mica, and chlorite, 
passing into andesitic granite, with quartz : on its 
western side it has thrown off, at a considerable angle, 
a thick mass of stratified porphyries, including much 
epidote [N N], and remarkable only from being dft'ided 
into very thin beds, as highly amygdaloidal on their 
surfaces as sub-aerial lava-streams are often vesicular. 
This porphyritic formation is conformably covered, as 
seen some way up the ravine of Jolqiiem, by a mere 
remnant of the lower part of the cretaceo-oolitic for- 
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mation [M M], which in one part encases, as repre*^ 
sented in the coloured section, the foot of the andesitic 
axis [L], of the already described fifth line, and in 
another part entirely conceals it : in this latter case> 
the gypseous or cretaceo-oolitic strata falsely appeared 
to dip under the porphyritic conglomerate of the fifth 
axis. The lowest bed of the gypseous formation, 
seen here [M], is of yellowish siliceous sandstone, pre- 
cisely like that of Amolanas, interlaced in parts witli 
veins of gypsum, and including layers of the black, 
calcareous, non-fissile slate-rock : the Turriidla Andii^ 
Pecien Dvfrcynoyi^ Terehratula cbnigma^ var. and 
some Grrypliites were embedded in these layers. The 
sandstone varies in thickness from only twenty to eighty 
feet ; and this variation is caused by the inequalities in 
the upper surface of an underlying stream of purple 
claystone porphyry. Hence the above fossils here lie 
at the very base of the gypseous or cretaceo-oolitic 
formation, and hence they were probably once covered 
up by strata about 7,000 feet in thickness: it is, how- 
ever, possible, tliough from th& nature of all tlie other 
sections in this district not probable, that the porphy- 
ritic clay-stone lava may in this case have invaded a 
higher level in the series. Above the sandstone there 
is a considerable mass of much indurated, purplish- 
black, calcareous clay-stone, allied in nature to tfie 
often-mentioned black calcareous slate-rock. 

Eastward of the broad andesitic axis of this sixth 
line, and penetrated by many dikes from it, there is 
a great formation [P] of mica-schist, witli its usual 
variations, and passing in one part into a ferruginous 
quartz-rock. The folio are curved and highly inclined, 
generally dipping eastward. It is probable that ihm 
mica-schist an old formation, connected with the 
granitic rocks and metamorphic schists near the coast ; 
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krxd that the one fragment of mica-slate, and the pebbles 
of quartz low down in the gypseous formation at Las 
Amolanas, have been derived from it. The mica-schist 
is succeeded by stratified porphyritic conglomerate [Q] 
of great thickness, dipping eastward with a high in- 
clination ; I have included this latter mountain-mass 
in the same anticlinal axis with the porphyritic streams 
[N N] ; but I am far from sure that tlie two masses 
may not have been independently upheaved. 

Sevanth' Axis of Elevation . — Proceeding up the 
ravine, we come to anothei* mass [R] of andesite ; and 
beyond this, we again have a very thick, stratified por- 
phyritic formation [S], dipping at a small angle east- 
ward, and forming the basal part of the main Cordillera. 
I did not ascend the ravine any higher ; but here, 
near Castano, .1 examined several sections, of which I 
will not give the details, only observing, that the por- 
phyritic beds, or submarine lavas, preponderate greatly 
in bulk over’ the alternating sedimentary layers, which 
have been but little metamorphosed : these latter con- 
sist of fine-grained rod tuff’s and of whitish volcanic 
grit-stones, together with much of a singular, compact 
rock, having an almost crystalline basis, finely brec- 
ciated with red and green fragments, and occasionally 
including a few large pebbles. The porphyritic lavas 
are highly amygdaloidal, both on their up])er and 
lower surfaces ; they consist chiefly of clay-stone por- 
phyry, but with one common variety, like some of the 
streams at the Puente del Inca, having a gray mottled 
basis, abounding with crystals of red hydrous ofide of 
iron, green ones apparently of epidote, and a few glassy 
ones of feldspar. This j)ile of strata differs consider- 
ably from the basal strata of the Cordillera in Central 
Chile, and may possibly belong to the upper and 
gypseous series: I saw, however, in the bed of the 
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valley, one fragment of porphyritic breccia-conglome- 
i^te, exactly like those great masses met with in the 
more southern parts of Chile. 

Finally, T must observe, that though I have des- 
cribed between the town of Copiapo and the western 
flank of the main Cordillera seven or eight axes of 
elevation, extending nearly north and south, it. must 
not be supposed that they all run continuously for 
great distances. As wa^s stated to be the case in our 
sections across the Cordillera of Central Chile, so here 
most of the lines of elevation, with the exception of 
the first, third, and fifth, are very short. The stratifi- 
cation is everywhere disturbed and intricate ; nowhere 
have I seen more numerous faults and dikes. The 
whole district, from the sea to the Cordillera, is more 
or less metalliferous ; and I heard of gold, silver, 
copper, lead, mercury, and iron veins. The metamor- 
phic action, even in the lower strata, has certainly 
been far less here ihan in Central Chile. 

Valley of the Despohlado , — ^This great barren valley, 
which has already been alluded to, enters the main 
valley of Copiapo a little above the town : it runs at 
first northerly, then NE., and more easterly into the 
Cordillera ; I followed its dreary course to the foot of 
the first main ridge. I will not give a detailed section, 
because it would be essentially similar to that already 
given, and because the stratification is exceedingly 
complicated. After leaving the plutonic hills near the 
town, I met first, as in the main valley, with the gypseous 
formation, having ihe same diversified character as be- 
fore, and soon afterwards with masses of porphyritic 
conglomerate, about 1,000 feet in thickness. In the 
lower part of this formation there were very thick beds 
composed of fragments of clay-stone porphyries, both 
angular and rounded, with the smaller ones partially 
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blended together and the basis rendered porphyritic ; 
these beds separated distinct streams, from sixty to 
eighty feet in thickness, of clay-stone lavas- Near 
Paipote, also, there was much true porphyritic breccia- 
conglomerate : nevertheless, few of these masses were 
metamoi*phosed to the same degree with the corre- 
sponding formation in Central Chile. I did not meet in 
this valley with any true andesite, but only with im- 
perfect andesitic porphyry, including large crystals of 
hornblende: numerous as have been the varieties pf 
intrusive porphyries already mentioned, there were here 
mountains composed of a new kind, liaving a compact, 
smooth, cream-coloured basis, including only a few 
crystals of feldspar, and mottled with dendritic spots of 
oxide of iron. There were also some mountains of a 
porphyry with a brick-red basis, containing irregular 
often lens-shaped, patches of compact feldspar, and 
crystals of feldspar, which latter to my sinprise I find 
to be orthite. 

At the foot of the first ridge of the main Cordillera, 
in tlie ravine of Maricongo, and at an elevation which, 
from the extreme coldness and appearance of the vege- 
tation, I estimated at about 1 0,000 feet, I found beds of 
white sandstone and of limestone including the Pecten 
Duf reynoyi^ Terehratula cenigma^ and some Gryphites. 
This ridge throws the water on the one hand into the 
Pacific, and on the other, as I was informed, into a 
great gi*avel-covercd, basin-Hke plain, including a salt- 
lake, and without any drainage-exit. In crossing the 
Cordillera by this Pass, it is said that three principal 
ridges must be traversed, instead of two, or only one as' 
in Central Chile. 

The crest of this first main ridge and the surround- 
ing mountains, with the exception of a few lofty 
pinnacles, are capped by a great thickness of a hori- 
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zontally stratified, tufaceoiis deposit. The lowest bed 
is of a pale purple colour, hard, fine«grained, and full 
of broken crystals of feldspar and scales of mica. The^ 
middle bed is coarser, and less hard, and hence weathers 
into very sharp pinnacles ; it includes very small frag- 
ments of granite, and innumerable ones of all sizes of 
gray vesicular trachyte, some of which Were distinctly 
rounded. The upijermost bed is about 200 feet in 
thickness, of a darker colour and apparently hard ; but 
I, had not time to ascend to it. These three horizontal 
beds may be seen for the distance of many leagues, 
especially west ward or in the direction of the Pacific, 
capping the summits of the mountains, and standing on 
the opposite sides of the immense valleys at exactly 
corres|X)nding heights. If united they would form a 
plain, inclined very slightly towards the Pacific ; the 
beds become thinner in this direction, and the tuff 
(judging from one point to which I ascended, some 
way down the valley) finer-grained and of less specific 
gravity, though still compact and sonorous under the 
hammer. The gently inclined, almost horizontal 
stratification, the presence of some rounded pebbles, 
and the compactness of the lowest bed, tlioiigli render- 
ing it probable, would not have convinced me that this 
mass had been of subaqueous origin, for it is known 
that volcanic ashes falling on land and moistened by 
rain often become bard tind stratifi(id ; but beds thus 
originating, and owing their consolidation to atmo- 
spheric moisture, would have covered almost equally 
every neighbouring summit, higli and low, and would 
‘ not have left those above a certain exact level abso- 
lutely bare ; this circumstance seems to me to prove 
that the volcanic ejections were aiTested at their jJre- 
sent, widely extended, equable level, and there con- 
solidated by some other means than simple atmospheric 
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moisture ; and this no doubt must have been a sheet of 
water. A lake at this great height, and without a 
barrier on any one side, is out of the question ; conse- 
quently we must conclude that the tnfaceous matter 
was anciently deposited beneath the sea. It was cer- 
tainly deposited before the excavation of the valleys, or 
at least before their final enlargement ; ^ and I may 
add, that Mr. Lambert, a gentleman well acquainted 
with this country, informs me, that in ascending the 
ravine of Santandres (which branches off from the Des- 
poblado) he met with streams of lava and much erupted 
matter capping all the hills of granite and porphyry, 
with the exception of some projecting points; he also 
remarked that the valleys had been excavated subse- 
quently to these eruptions. 

This volcanic formation, which I am informed by 
Mr. Lambert extends far northward, is of interest, as 
typifying what has taken place on a grander scale on 
the corres])onding western side of the Cordillera of ^ 
Peru. Linder another point of view, however, it pos- 
sesses a far lugher interest, as confirming that conclu- 
sion drawn from the structure of the fringes of stratified 
shingle which are prolonged from the plains at the foot 
of the Cordillera fa]* up the valleys, — namely, that this 
great range lias been elevated in mass to a height of 
iKJtween 8,000 and 9,000 feet ; - and now, judging from 
this tufaceous deposit, we may conclude that the hoyi- 


’ I have endeavoured to show in my ‘ Journal/ &c, (2nd edit.) p. 
355, that this arid valley was left by tile reli’cating sea, aa^the land 
slowly rose, in the state in which w'o now see it. 

® I may here mention. that on Iho south side of the main valley of 
Copiapo, near Potrero 8eeo, the mountains are capped by a thick mass of 
horizontally stratified shinf^Ie, at a ht'ight which I estimated at between 
1,500 and 2,000 feet above the bod of the valley. This .shingle, I 
believe, forms the edge of a wide plan, which stretches southwards 
between two mountain ranges. 
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zontal elevation has been in the district of Copiapo 
about 10,000 feet^ 

In the valley of the Despoblado, the stratification, 
as before remarked, has been much disturbed, and in 
some points to a greater degree than I have anywhere 
else seen. I will give two cases : a very thick mass of 
thinly stratified red sandstone, including beds of con- 
glomerate, has been crushed together (as represented 
in the woodcut) into a yoke or urn-formed trough, so 
that the strata on both sides have been folded inwards : 
on the right hand the pi'operly underlying porphyritic 
claystone conglomerate is seen overlying the sandstone, 
but it soon becomes vertical, and then is inclined to- 
wards the trough, so that the beds radiate like the 
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spokes of a wheel : on the left hand, the inverted por-* 
phyritic conglomerate also assumes a dip towards the 
trough, not gradually, as on the right hand, but by 
means of a vertical fault and synclinal break ; and a 
little still farther on towards the left, there is a second 
great oblique fault, (both shown l)y the arrow-lines) 
with the strata dipping to a directly opposite point : 
these mountains are intersected by infinitely numerous 
dikes, some of which can be seen to rise from hummocks 
of greenstone, and can be traced for thousands of feet. 
In the second case, two low ridges trend together and 
unite at the head of a little wedge-shaped valley ; 
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throughout the right-hand xidge^ the strata dip at 45® 
to the east : in the left-hand ridge, wO have the very 
same strata and at first with exactly the same dip ; but 
in following this ridge up the valley, the strata are 
seen very regularly to become more and more inclined 
until they stand vertical, they then gradually fall over, 
(the basset edges forming symmetrical serpentine lines 
along the crest) till at the very head of the valley they 
are reversed at an angle of 45® : so that at this point 
the beds have been turned through an angle of 135® ; 
and here there is a kind of anticlinal axis, with the 
strata on both sides dipping to opposite points at an 
angle of 45°, but with those on the left hand upside- 
down. 

On the Eruptive Sources of the Porphyritk Clay^ 
stone and Oreenstone Lavas . — In Central Chile, from 
the extreme metamoiphic action, it is in most parts 
difficult to distinguish between the streams of porphyiitic 
lava and the porphyritic breccia-conglomerate, but 
here, at Copiapo, they are generally perfectly divstinct, 
and in the Despoblado, I saw for the first time, two 
great strata of purple claystone porphyry, after having 
been for# a considerable space closely united together, 
one above the other, become separated by a mass of 
fragmentary matter, and then both thin out ; — the 
lower one more rapidly than the upper and greater 
stream. Considering the number and thickness of the 
streams of porphyritic lava, and the great thickness of 
the beds of breccia-conglomerate, there can be little 
doubt that the sources of eruption must original]^ have 
been numerous : nevertheless,, it is now most difficult 
even to conjecture the precise point of any one of the 
ancient submarine craters. I have repeatedly observed 
mountains of porphyries, more oi* less distinctly strati- 
fied towards their summits or on their flanks, without a 
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trace of stratification in their central and basal parts : 
in most cases, I believe this is simply due either to the 
obliterating’ effects of metamorphic action, or to such 
parts having been mainly formed of intrusive por- 
phyries, or to both causes conjoined ; in some instances, 
however, it appeared to me very probable that the 
great central unstratified masses of porphyry were the 
now partially denuded nuclei of the old submarine 
volcanos, and that the stratified parts marked the 
points whence the streams flowed. In one case alone, 
and it was in this Valley of the Despoblado, I was able 
actually to trace a tliick stratum of purplish porphyry, 
which for a space of some miles conformably overlay 
the usual alternating beds of brcccia-conglomerates and 
claystone lavas, until it became united with, and 
blended into, a mountainous mass of various unstrati- 
fied porphyries. 

Tlie difficulty of tracing the streams of porphyries 
to their ancient and doubtless numerous eruptive 
sources, may be partly explained by the very general 
disturbance wliich the Cordillera in most parts has 
suffered ; but I strongly suspect that there is a more 
specific cause, namely, that the original pomts of 
eruption tend to heconie the points of injection^ This 
in itself does not seem improbable ; for where the earth’s 
crust has once yielded, it would be liable to yield 
again, though the liquefied intrusive matter might not 
be any longer enabled to reach the submarine surface 
and flow as lava. I have been led to this conclusion,, 
from having so frequently observed that, where part of 
an unstratified mountain-mass resembled in mineral- 
ogical character the adjoining streams or strata, there 
were several other kinds of intmsive porphyries and 
andesitic rocks injected into tlie same point. As these 
intrusive mountain-masses form most of the axes-lines 
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in the Cordillera, whether anticlinal, uniclinal, or syn- 
clinal, and as the main valleys have generally been 
hollowed out along these lines, the intrusive masses 
have generally suffered much denudation. Hence they 
are apt to stand in some degree isolated, and to be 
situated at the points where the valleys abruptly bend, 
or where the main tributaries enter. On this view of 
there being a tendency in the old points of eruption to 
become the points of subsequent injection and dis- 
turbance, and consequently of denudation, it ceases to 
be surprising that the streams of lava in the porphyritic 
claystone conglomerate formation, and in other analo- 
gous cases, should most rarely be traceable to their 
actual sources. 

Iquique^ Soiitheni Peru . — Differently from what 
we have seen throughout Chile, the coast here is formed 
not by the granitic series, but by an escarpment of the 
porphyritic congiomcrate formation, between 2,000 and 
3,000 feet in height.^ I had time only for a very short 
examination ; the chief part of the escarpment appears 
to be composed of various reddish and purple, some- 
times laminated, porphyries, resembling those of Chile; 
and I saw some of the porphyritic breccia- conglomerate ; 
the stratification appeared but little inclined. The 
uppermost part, judging from the rocks near the famous 
silver mine, of Huantajaya,*^ consists of laminated, im- 
pure, argillaceous, purplish-gray limestone, associated, 
I believe, with some purple sandstone. In the lime- 
stone shells are found : the three following species were 
given me : — 

* The lowest point, where the road crosses the coast-escarpment, is 
1,900 feet by the barometer above the level of the sea, 

* Mr. Bollaert has described (‘Goolog. Proceedings,* \"o]. ii, p. 
698) a singular mass of stratified detritus, gravel, and sand, eighty-ono 
yards in thickness, overlying the limestone, and abounding with loose 
masses of silver ore. The miners believe that they can attribute these 
masses to their proper veins. 

P P 
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Lucina Americana, E. Forbes, PL V, fig. 24. 

Terebratula inca, do. PL V. figs. 19, 20. 

oenigma, D’Orbig. PL V. figs. 10, 11, 12* 

This latter species we have seen associated with the 
fossils of wliich lists have been given in this chapter, in 
two places in the valley of Coquimbo, and in the ravine 
of Maricongo at Copiapo. Considering this fact, and 
the superposition of these beds on the porphyritic con- 
glomerate formation ; and, as we sliall immediately see, 
from their containing much gypsum, and from ^leir 
otherwise close general resemblance in mincralogical 
nature with the strata described in the valley of Copiapo, 
I have little doubt that these fossiliferous beds of Iquique 
belong to the great cretaceo-oolitic formation of Northern 
Chile. Iquique is situated seven degrees latitude north 
of Copiapo ; and I may here mention, that an Ammon- 
ites, nov. spec., and Astarte, nov. spec., were given me 
from the Cerro Pasco, about ten degrees of latitude north 
of Iquique, and M. d’Orbigny thinks that they probably 
indicate a Neocomian formation. Again, fifteen degrees 
of latitude northward, in Colombia, there is a grand 
fossiliferous deposit, now well known from the labours 
of Yon Buch, Lea, d’Orbigny, and Forbes, which be- 
longs to the earlier stages of the cretaceous system. 
Hence, bearing in mind the character of the few fossils 
from Tierra del Fuego, there is some evidence that a 
gi’eat portion of the stratified de])osits of the whole vast 
range of the South American Cordillera belongs to 
about the same geological epoch. 

Proceeding from the coast escarpment inwards, I 
crossed, in a space of about thirty miles, an elevated 
undulatory district, witi) the beds dipping in various 
directions. The rocks are of many kinds, — white 
laminated, sometimes siliceous sandstone, — jjurple and 
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red sandstone, sometimes so highly calcareous as to 
have a crystalline fracture, — argillaceous limestone, — 
black calcareous slate-rock, like that so often described 
at Copiapo and other places, — thinly laminated, fine- 
grained, greenish, indurated, sedimenj-ary, fusible rocks, 
approaching in character to the sO-called pseudo-hone- 
stone of Chile, including thin contemporaneous veins of 
gypsum, — and lastly, much calcareous, laminated por- 
celain jasper, of a green colour, with red spots, and of 
extremely easy fusibility : I noticed one conformable 
stratum of a freckled-brown, feldspathic lava. I may 
here mention that T heard of great beds of gypsum in 
the Cordillera. The only novel point in this formation, is 
the presence of innumerable thin layers of rock-salt, 
alternating with the laminated and hard, but sometimes 
earthy, yellowish, or bright red and ferruginous sand- 
stones. The thickest layer of salt was only tw^o inches, 
and it thinned out. at both ends. On one of these 
saliferous masses I noticed a stratum about twelve feet 
tliick, of dark-hrown, hard brecciated, easily fusible 
rock, containing grains of quartz and of black oxide of 
iron, together with numerous imperfect fragments of 
shells. The problem of the origin of salt is so obscure, 
that every fact, even geographical position, is .worth 
recording.’^ With the exception of these saliferous 


‘ It is well known that stnitified salt is found in several places on 
tho shores of Peni. The island of San Lorenzo, off Lima, is composed 
of a pile of thin strata, about 800 feet in thickness, composed of yellow- 
ish and pui’plish, hard siliceous, or enrlhy sandstones, alternating with 
thin layers of shale, which in places passes into a greenish, semi-j)orcel- 
lanic, fusible rock. There are some, thin beds of reddish mudstone, and 
soft ferruginous rotten-stones, with layers of g^’psum. In ne|^ly all 
these varieties, especially in tho softer sandstones, there are numerous 
thin seams of rock-salt : I was informed that one layer has been found 
two inches in thiclkness. The manner in which the minutest fissures of 
the dislocated beds have been penetrated by the salt, apparentlyby sub- 
sequent infiltration, is very curious. On tho south side of the island, 
layers of coal and of impure limestone have been discovered. Hence 
wo here have salt, gypsum, and coal associated together. The strata 

p p 2 
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beds, most of the rocks as already remarked, present 
a striking general resemblance with the upper parts of 
the gypseous or cretaceo-oolitic formation of Chile. 


Metalliferous Veins. 

I have only a few remarks to- make on this subject: 
in nine mining districts, some of them of considerable 
extent, wliich I visited in Central Chile, I found the 
principal veins running from between [N. and NW.] 
to [S. and SE.] : ‘ in some other places, however, their 
course appeared quite irregular, as is said to be gene- 
rally the case in the whole valley of Copiapo : at Tam- 
billos, south of ('^oquimbo, I saw one large copper vein 
extending east and west. It is worthy of notice, that 
the foliation of th(^ gneiss and mica-slate, and the 
cleavage of the altered clay-slate, where such rocks 
occur, certainly tend to rim like the metalliferous 
veins, though often irregularly, in a direction a little 
westward of north. At Yaquil, I observed that the prin- 
cipal auriferous veins ran nearly parallel to the grain or 
imperfect cleavage of the surrounding granitic rocks. 

include veins of quartz, carbonate of lime, and iron pyrites ; they have 
been dislocated by nu injected mass of greenish-brown foldspathic trap. 

Not only is salt abundant on the extreme western limits of the 
district between the Cordillera and the Pacific, but, according to Helms, 
it is ft)und in the outlying low hills on the eastern flank of the Cordil- 
lera. These fads ai-jpear to me opiiosed to the theory, that rock-salt is 
due to the sinking of water, charged with salt, in mediterranean spaces 
of the ocean. The general character of the geology of these countries 
would rather Iwid to the opinion, that its origin is in some way con- 
nected with volcanit? heat at the bottom of the sea : .'ioe on this subject, 
Sir K. Murchison’s Anniversary Address to Geolog, Soc. 1843, p. 65. 

^ These mining districts are Yaquil near Nancagua, where the 
direction of the chief veins, to which only in all cases I refer, is north 
and south ; in the Uspallata range, tho prevailing lino is NNW, and. 
SSE. ; in the C, de Prado, it is NNW. and SSE. ; near Illapcl, it is N. by 
W. and tS. by E. ; at Los Homos, the direction varies from between 
[N. and NW.] to [S. aiul .SE.] ; at the C. de los Hornos ffiirthcr north- 
ward), it is NNW. and SSE. ; at Panuncillo, it is NNW. and SSE. : 
and, lastly, at Arqueros, tho direction i.s NW. and SE. 
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With respect to the distribution of the different metals, 
copper, gold, and iron are generally associated together, 
and are most frequently found (but witli many ex- 
ceptions, as we shall presently see) in the rocks of the 
lower series, between the Cordillera 'and the Pacific, 
namely, in granite, syenite, altered feldspathic clay- 
slate, gneiss, and as near Guasco mica-schist. The 
copper-ores consist of sulphurets, oxides, and carbon- 
ates, sometimes with laminae of native metal : I was 
assured that in some cases (as at Panimcillo SE. of Co- 
quimbo, the upper part of the same vein contains oxides, 
and the lower part sulphurets of copper.^ Gold occurs 
in its native form ; it is believed that, in many cases, 
the upper part of the vein is the most productive part : 
this fact probably is connected with the abundance of 
this metal in the stratified detritus of Chile, which 
must have been chiefly derived from the degradation of 
the up|>er portions of the rocks. These superficial beds 
of well-rounded gTavel and sand, containing gold, 
appeared to me to have been formed under the sea 
close to the beach, diuing the slow elevation of the 
land: Schmidtmeyer ^ remarks that in Chile gold is 
sought for in shelving banks at the lieight of some feet 
on the sides of the streams, and not in their bods, as 
would have been the case had this metal been deposited 
by common alluvial action. Very frequently the 
copper-ores, including some gold, are associated with 
abundant micaceous specular iron. Gold is often 
found in iron-pyrites : at two gold mines at Yaquil 
(near Nancagua), I was informed by the piioprietor 
th9.t in one the gold Avas always associated with coiiper- 
pyrites, and in the other with iron-pyrites : in this 

* The same fact has been observed by Mr. Taylor in Cuba ; * London 
Phil. Journ.’ vol, xi. p. 21. 

® ‘ Travels in Chile/ p. 29. 
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latter case, it is said that if the vein ceases to contain 
iron-pyrites, it is yet worth while to continue the 
search, but if the iron-pyrites, when it reappears, is not 
auriferous, it is better at once to give up working the 
vein. Although * I believe copper and gold are most 
frequently found in the lower granitic and metamorphic 
schistose scries, 3 ^et these metals occur both in the 
porphyritic con gloin crate formation (as on the flanks of 
the Bell of (Juillota and at Jajuel), and in the superin- 
cumbent strata. At Jajuel I was informed that the 
copper-ore, with some gold, is found only in the green- 
stones and altered feldspathic clay-slate, which alternate 
with the purple porphyritic conglomerate. Several 
gold veins and some of copper-ore are worked in several 
parts of the Uspallata range, both in the metamor- 
phosed strata, which have been shown to have been of 
probably subsequent origin to the Neocomian or gyp- 
seous fonnation of the main Cordillera, and in the 
intrusive andesitic rocks of that range. At Los Homos 
(NE. of 1 11a pel), likewise, there are numerous veins of 
copper-pyrites and of gold, both in the strata of the 
gypseous formation and in the injected hills of andesitti 
and various porphyries. 

>Silver, in thij form of a chloride, sulphuret, or an 
amalgam, or in its native state, and associated with 
lead and other metals, and at Arqueros with piu’e 
native copper, occurs chiefly in the upper great gyp- 
seous or cretaceo-oolitic formation, which forms pro- 
bably the richest mass in Chile. We may instance 
the mining districts of Arqueros near Coqiiimbo, 
and of nearly the whole valley of Copiapo, and* of 
Iquique (where the jirincipal veins *nin NE. by E. and 
SW, by W.), in Peru. Hence comes Molina’s remark, 
that silver is born in the cold and solitary deserts of 
the upper (Cordillera. There are, however, exceptions 
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to this rule : at Paral (SE. of Coquimbo) silver is found 
in the porpbyritic conglomerate formation ; as I suspect 
is likewise the case at S. Pedro de Nolasko in the 
Peuquenes Pass. Eich argentiferous lead is found in 
the clay-slate of the Uspallata range ; and I saw an old 
silver mine in a hill of syenite at the foot of the Bell of 
Quillota : I was also assured that silver has been found 
in the andesitic and porphyritic region between the 
town of Copiapo and the Pacific. I have stated in a 
previous part of this chapter, that in two neighbouring, 
mines at Arqueros the veins in one were productive 
when they traversed the singular green sedimentary 
beds, and unproductive when crossing the reddish beds; 
whereas at the other mine exactly the reverse takes 
place ; I liavo also described the singular and rare case 
•of numerous particles of native silver and of the chloride 
teing disseminated in the green rock at the distance of 
a yard from the vein. Mercury occurs with silver both 
at Arqueros and at Copiapo : at tlie base of C. de los 
Hornos (SE. of Coquimbo, a different place from Los 
Hornos, before mentioned) I saw in a syonitic rock 
numerous quartzose veins, containing a little cinnabai’ 
in nests : there wei’e here other parallel veins of copper 
and of a. fcnrugino-nuriferous ore, I believe tin has 
never been found in Chile. 

From information given me by Mr. Nixon of Yaquil,^ 
and by others, it a])pears that in Chile those veins are 
generally most perm9-nently productive, which consist- 
ing of various minerals (sometimes differing but slightly 
from the surrounding rocks), include parallel swings 
rich in metals ; such a vein is called a veta real. More 
•commonly the mines are worked only where one, two, 

* At tho Durazno mine, the gold is associated witii coppor-pyrites, 
■and the veins contain large prisms of plumbago. Ci^’stallised carbonate of 
limo is one of the commonest minerals in the matrix of the Chilian veins. 
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or more thin veins or strings running in a different 
direction, intersect a 'poor ‘ veta real : ’ it is unanimously 
believed that at such points of intersection {cfniceros^ 
the quantity of metal is much greater than that con- 
tained in other parts of the intersecting veins. In some 
CTuceros or points of intersection, the metals extend 
even beyond the walls of the main, broad, stony vein. 
It is said that the greater the angle of intersection, the 
greater the produce ; and that nearly parallel strings 
attract each other ; in the IJspallata range, I observed 
that numerous thin auri-ferruginous veins repeatedly 
ran into knots, and then branched out again. I have 
already described the remarkable manner in which rocks 
of the Uspallata range are indurated and blackened (as 
if by a blast of gunpowder) to a considerable distance 
from the metallic veins. 

Finally, I may observe, that the presence of metallic 
veins seems obviously connected with the presence of 
intrusive rocks, and with the degree of metamorpliio 
action which tJie different districts of Chile have 
undergone.' Such metamqrpliosed areas are generally 
accompanied by numerous dikes and injected masses 
of andesite and various porphyries : I have in several 
places traced the metalliferous veins from the in- 
trusive masses into the encasing strata. Knowing 
that the porpliyritic conglomerate formation consists of 
alternate streams of siibmarine lavas and of the debris 
of anciently erupted rocks, and that tlie strata of the 
upper gypseous formation sometimes include submarine 
lavas, and are composed of tuffs, mudstones, and mineral 
substances, probably due. to volcanic exhalations, — the 
richness of these strai.a is highly remarkable when com- 

^ \ Sir E. Murchison and his follow tnirellers hare given ponie 
striking facts on this subject in their account of the Ural Mountains. 
‘ Geobg. Proc.’ vol. iii. p. 748, 
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pared with the erupted beds, often of submarine origin, 
but not metamorphosed^ which compose the numerous 
islands in the Pacific, Indian, and Atlantic Oceans ; for 
in these islands metals are entirely absent, and their 
nature even unknown to the aborigines. 

Summary on the Geological History of the Chilicm 

Cm'dillera^ aiul of the Southern Parts of South 
Am&nca. 

We have seen that the shores of the Pacific, for a 
space of 1,200 miles from Tres Montes to Copiapo, and 
I believe for a very much greater distance, are com- 
posed, with the exception of the tertiary basins, of meta- 
morphic schists, plutonie rocks, and more or less altered 
clay-slate. On the floor of the ocean thus constituted, 
vast streams of various purplish clay-stone and green- 
stone porphyries were poured forth, together with gTeat 
alternating piles of angular and rounded fragments of 
similar rocks ejected from the submarine craters. From 
the compactness of the streams and fragments, it is 
probable that, with the exception of some districts in 
Northern Chile, the eruptions took place in profoundly 
deep water. The orifices of eruption appear to have 
been studded over a breadth, with some outliers, of 
from 50 to 100 miles: and closely enough together, 
both north and south, and east and west, for the ejected 
matter to form a continuous mass, which in Central 
Chile is more than a mile in thickness. I traced this 
mould-like mass, for only 450 miles ; but judging from 
what I saw at Iquiqiie, from specimens, and from 
published accounts, it appears to have a manifold 
greater length. In the basal parts of the series, and 
especially towards the flanks of the range, mud, since 
converted into a feldspathic slaty rock, and sometimes 
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into green-stone, was occasionally deposited between 
tbe beds of erupted matter : with this exception the 
uniformity of the porphyritic rocks is very remarkable. 

At the period when the clay-stone and green-stone 
porphyries nearly or quite ceased being erupted, that 
great pile of strata which, from often abounding with 
gypsum, I have generally called the Gypseous formation 
was deposited, and feldspathic lavas, together with 
other singular volcanic rocks, were occasionally poured 
forth : I am far from pretending that any distinct line 
of demarkation can be drawn })etween this formation 
and the underlying porphyries and porphyritic con- 
glomerate, but in a mass of such great thickness, and 
between beds of such widely different mineralogical 
nature, some division was necessary. At about the 
commencement of the gypseous period, the bottom of 
the sea here seems first to have been peopled by shells, 
not many in kind, but abounding in individuals. At 
the P. del Inca the fossils are emlxjdded near the base 
of tlie formation *, in the Peiiquenes range, at different 
levels, half-wny up, and even higher in the series; 
bence, in these sections, the whole gieat pile of strata 
belongs to the same period : the same remark is applic- 
able io the beds at Copiapo, which attain a thickness of 
between 7 ,000 and 8,000 feet. The fossil shells in the 
Cordillera of Central Chile, in the opinion of all the 
palaeontologists who have examined them, belong to 
the earlier stages of the cretaceous system ; whilst in 
Northern Chile there is a most singular mixture of cre- 
taceous and oolitic forms : from the geological relations, 
however, of these two districts, I cannot but think that 
they all belong to nearly the same epoch, which I have 
provisionally called cretaceo-oolitic. 

The strata in this formation, composed of black 
-calcareous shaly-rocks of red and white, and sometimes 
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siliceous sandstones, of coarse conglomerates, lime- 
stones, tuffs, dark mud-stones, and those singular fine- 
grained rocks which I have called pseudo-honestones, 
vast beds of gypsum, and many other jaspery and 
scarcely describable varieties, vary and replace each 
other in short horizontal distances, to an extent, I 
believe, unequalled even in any tertiary basin. Most 
of these substances are easily fusible, and Have appa- 
rently been, derived either from volcanos still in quiet 
action, or from the attrition of volcanic products. If 
we picture to ourselves the bottom of the sea, rendered 
uneven in an extreme degree, with numerous craters, 
some few occasionally in eruption, but the greater 
number in the state of solfataras, discharging calcareous, 
siliceous, ferruginous matters, a.nd gypsum or sulphuric 
a<icl to an amount surpassing, perhaps, even the exist- 
ing sulphureous volcanos of Java,^ we shall probably 
understand tlie circumstances under -which this singular 
pile of varying strata was accumulated. The shells 
appear to have lived at the quiescent periods when only 
limestone or calcareo-argillaceous matter was deposit- 
ing. From Dr. Gillies’s account, this gypseous or 
cretaceo-oolitic formation extends as far south as the 
Pass of Planchon, and I followed it northward at in- 
tervals for 500 miles : judging from the character of the 
beds with the Terehratida cenigma^ at Iquique, it 
extends from 400 to 500 miles farther ; and perhaps 
even for ten degrees of latitude nortli of Iquique to the 
Cerro Pasco, not far from Lima : again, we know that 
a cretaceous formation, abounding witli fossils, is largely 
developed north of the equator, in Columbia : in Tierra 
del Fuego, at about this same period, a wide district of 
clay-slate wns deposited, which in its mineralogical 


’ Von Buclfs ‘Bescript. Physique des lies Canaries,’ p. 428, 
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characters and external features, might be compai’ed to 
the Silurian regions of North Wales. TJie gjrpseous 
formation, like that of the porphyritic breccia-conglo- 
merate on which its rests, is of inconsiderable breadth ; 
though of fifreatcr breadth in Northern than in Central 
Chile. 

As the fossil shells in this formation are covered, in 
the Peuquenes ridge by a great tliickness of strata, at 
the Puente del Inca by at least 5,000 feet ; at Coquimbo, 
though the superposition there is less plainly seen, by 
about 6,000 feet ; and at Copiapo certainly by 5,000 
or 6,000, and probably by 7,000 feet (the same species 
there recurring in the upper and lower parts of the 
series) we may feci confident that the bottom of the 
sea subsided during this cretaceo-oolitic period, so as 
to allow of the accumulation of the superincumbent 
submarine strata. This conclusion is confirmed by, or 
perhaps rather explains, the presence of the many beds 
at many levels of coarse conglomerate, tlje well-rounded 
pebbles in wduch we cannot believe were transported in 
veiy deep water. Even the underlying porphyries at 
Copiapo, with their highly amygdaloidal surfaces, do 
not appear to have flowed under great pressure. The 
great sinking movement thus plainly indicated, must 
have extended in a north and south line for at least 
400 miles, and probably was co-extensive with tlie 
gypseous formation. 

The beds of conglomerate just referred to, and the 
extraordinarily numerous silicified trunks of fir-trees 
at Los Hornos, perhaps at Coquimbo and at two dis- 
tant points in the valley of Copiapo, indicate that land 
existed at this period in the neighbourhood. This land, 
or islands, in the northern part of the district of 
Copiapo, must have been, almost exclusively composed, 
judging from the nature of the pebbles of granite ; in 
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the southern parts of Copiapo, it must have been 
mainly formed of clay-stone porphyries, with some 
mica-schist, and with much sand-stone and jaspery 
rocks exactly like the rocks in the gypseous formation, 
and no doubt belonging to its basal series. In several 
other places also, during the acciunulation of the 
gypseous formation, its basal parts and the underlying 
porphyritic conglomerate must likewise have been 
already partially uplieaved and exposed to wear and 
tear ; near the Puente del Inca and at (loqiiimbo, there 
must have existed masses of mica-schist or some such 
rock, whence were derived the many small pebbles of 
opaque quartz. It follows from these facts, that in 
some parts of the Cordillera the upper beds of the 
gypseous formation must lie unconformably on the 
lower beds ; and the whole gypseous formation, in 
parts, unconformably on the porphyritic conglomerate ; 
although I saw no such cases, yet in many places the 
gypseous formation is entirely absent ; and this, although 
no doubt generally caused by quite subsequent denuda- 
tion, may in others be due to the underlying porphy- 
ritic conglomerate having been locally upheaved before 
the deposition of the gypseous strata, and thus having 
become the source of the pebbles of porphyry embedded 
in them. In the porphyritic conglomerate formation, 
in its lower and middle parts, there is very rarely any 
evidence, with the exception of the small quartz pebbles 
nt Jajuel, near Aconcagua, and of the single pebble of 
granite at Copiapo, of the existence of neighbouring 
land : in the upper parts, however, and especially in the 
^district of Copiapo, the number of thoroughly well- 
rounded pebbles of compact porphyries make me be- 
lieve, that, as during the prolonged accumulation of 
the gyseous formation the lower beds had already been 
locally upheaved and exposed to wear and tear, so it 
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was with the porphyritic conglomerate. Hence in 
following thus far the geological history of the Cor- 
diUera, it may be inferred that the bed of a deep and 
open, or nearly open, ocean was filled up by porphyritic 
eruptions, aided probably by some general and some 
local elevations, so that comparatively shallow level at 
which the cretaceo-oolitic shells first lived. At this 
period, the submarine craters yielded at intervals a 
prodigious supply of gypsum and other mineral exhala- 
tions, and occasionally, in certain places poured forth 
lavas, chiefly of a feldspatliic nature : at tliis period, 
islands clothed with fir-trees and composed of porphy- 
ries, primary rocks, and the lower gypseous strata had 
already been locally upheaved, and exposed to the 
action of the waves ; — the general movement, however, 
at this time having been over a very wide area, one of 
slow subsidence, prolonged till the bed of the sea sank 
several thousand feet. 

In Central Chile, after the deposition of a great 
thickness of the gypseous strata, and after their up- 
heaval, by which the Cumbreand adjoining ranges were 
formed, a vast pile of tufaceous matter and sul^marine 
lava was accumulated, where the Uspallata chain now 
stands; also after the deposition and upiieaval of the 
equivalent gypseous strata of the Peiuiuenes range, the 
great thick mass of conglomerate in the valley of 
Tenuyan was accumulated: during the deposition of 
the Uspallata strata, we know absolutely, from tlie 
buried vertical trees, that tliere was a subsidence of 
some thousand feet ; and we may infer from the nature 
of the conglomerate in the valley of Tenuyan, that a 
similar and perhaps contemporaneous movenumt tlicre 
took place. We have, then, evidence of a s<^cond great 
period of subsidence ; and, as in the case of the sub- 
sidence which accompanied the accumulation of the 
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cretaceo-oolitic strata^ so this later subsidence appears 
to have been complicated by alternate or local elevatory 
movement — for the vertical trees, buried in the midst 
of the Uspallata strata, must have grown on dry land^ 
formed by the upheaval of the lower submarine beds. 
Presently I shall have to recapitulate the facts, showing^ 
that at a still later period, namely, at nearly the com- 
mencement of the old Tertiary deposits of Patagonia and 
of Chile, the contnient stood at nearly its present levels 
and then for the third time, slowly subsided to the amount 
of several hundred feet, and was afterwards slowly 
re-uplifted to its present level. 

The liighest peaks of the Cordillera appear to con- 
sist of active or more commonly dormant volcanos,—- 
such as Tupungato, Maypu, and Aconcagua, which 
latter stands 23,00.0 feet above the level of the sea, and 
many others. The next highest peaks are formed of 
the gypseous and porphyritic strata, thrown into vertical 
or highly inclined positions. Besides the elevation thus 
gained by angular displacements, I infer, without any hesi* 
tation — from the stratified gravel-fringes which gently 
slope up the valleys of the Cordillera from the gravel- 
capped plains at their base, which latter are connected 
with the jfijiins, still covered with recent sliells on the 
coast — that this great range has been upheaved in mass 
by a slow movement, to an amount of at least 8,000 
feet. In the Despoblado Valley, north of Copiapo, the 
horizontal elevation, judging from the compact, stra- 
tified tufaceous deposit, capping the distant mountains 
at corresponding heights, was about 1 0,000 feet. ^It is 
very possible, or ratlier probable, that tliis elevation in 
mass may not have been strictly horizontal, but more 
energetic under the Cordillera, than towards the coast 
on either side ; nevertheless, movements of this kind 
may be conveniently distinguished from ibose by which 
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strata have been abruptly broken and upturned. When 
viewing the Cordillera, before having read Mr. Hopkins’s 
profound ^ Eesearches on Physical Geology,’ the convic- 
tion was impressed on me, that the angular dislocations, 
however violent, were quite subordinate in importance 
to the great upward movement in mass, and that they 
liad been caused by the edges of the wide fissures, 
which necessarily resulted from the tension of the 
elevated area, having yielded to the inward rush of 
fluidified rock, and having thus been tipturned. 

The ridges formed by the angularly upheaved strata 
are seldom of great length : in the central parts of the 
Cordillera they are generally parallel to each other, 
and run in north and south lines ; but towards the 
flanks they often extend more or less obliquely. The 
angular displacement has been much more violent in 
the central than in the exterior main lines ; but it has 
likewise been violent in some of the oninor lines on the 
extreme flanks. The violence has been very unequal 
on the same short lines ; the crust having apparently 
tended to yield on certain points along tlie lines of 
fissures. These points, I have endeavoured to show, 
were probably first foci of eruption, and afterwards of 
injected masses of porpliyry and andesite.^ The close 
similarity of the andesitic granites and porphyries, 
throughout Chile, Tierra del Fuego, and even in Peru, 
is very remarkable. The prevalence of feldspar cleav- 
ing like albite, is common not only to the andesites, 
but (as I infer from the high authority of Prof. G. 
Bose, as well as from my own measurements) to the 
various clay-stone and green-stone porphyries, and to 


^ .^ir E. Murchison, and his companions sfcate (* Geolog. Proc/ roL 
•iii. p. 747), that no true granite appears in the higher TJriil Mountains ; 
but f hilt syenitie greenstone— a rock closely analogous to our andesite— 
is by far the most abundant of the intrusive masses. 
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tbe trachytic lavas of the Cordillera. The andesitic 
rocks have in most cases been the last injected ones, 
and they probably form a continuous dome under this 
great range : they stand in intimate relationship with 
the modern lavas ; and they seem to have been the 
immediate agent in metamorphosing the porphyritic 
conglomerate foimation, and often likewise the gypseous 
strata, to the extraordinary extent to which they have 
suffered. 

With respect to the age at which the several parallel 
ridges composing the Cordillera were upthrown, I have 
little evidence. Many of them may have been con- 
temporaneously elevated and injected in the same 
manner ^ as in volcanic archipelagoes lavas are contem- 
poraneously ejected on the parallel lines of fissure. 
But the pebbles apparently derived from the wear and 
tear of tlie porphyritic conglomerate formation, which 
are occasionally present in the upper parts of this same 
formation, and are often present in the gypseous for- 
mation, together with the pebbles from the basal parts 
of the latter formation in its upper strata, render it 
almost certain that portions, we may infer ridges, of 
these two formations were successively upheaved. In 
the case of the gigantic Portillo range, we may feel 
almost certain that a pre-existing granitic line was up- 
raised (not by a single blow, as shown by the highly 
inclined basaltic streams in tbe valley on its eastern 
flank ) at a period long subsequent to the upheavement 
of the parallel Peuquenes range.^ Again, subsequently 

^ See the latter part of Chapter VI. 

* I have endeavoured to show in my ‘ Journal ' (2iul edit. p. 321), 
tlmt the singular hict of the liver, which drains the valley between these 
two ranges, passing through tin*. Portillo and higher line, is explained 
by its slow and subsequent elevation. There are many aualogous cases 
in the drainage of rivers: see ‘Edinburgh New Phil. Journal,' vol. 
xxviii. pp. 33 and 44. 

Q Q 
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to the upheavement of the Cumbre chain, that of 
Uspallata was formed and elevated ; and afterwards, I 
may add, in the plain of Uspallata, beds of sand and 
gravel were violently upthrown. The manner in which 
the vaiious kinds of porphyries and andesites liave been 
injected one into the other, and in which the infinitely 
numerous dikes of various composition intersect each 
other, plainly show that the stratified crust has been 
stretched and yielded many times over the same points. 
With respect to the age of the axes of elevation between 
the Pacific and the Cordillera, I know little : but there 
are some lines which must — namely, those running 
north and south in Chiloe, those eight or nine east and 
west, parallel, far-extended, most symmetrical uniclinal 
lines at P. Rumena, and the short NW.-SE. and NE.- 
SW, lines at Concepcion — have been upheaved long 
after the formation of the Cordillera. Even during the 
earthquake of 1835, when the linear north and south 
islet of St. Mary was uplifted several feet above the 
surrounding area, we perhaps see one feeble step in the 
formation of a subordinate mountain-axis. In some 
cases, moreover, for instance, near the baths of Cauquenes, 
I was forcibly struck with the small size of the breaches 
cut through the exterior mountain-ranges, compared 
with the size of the same valleys higher up where enter- 
ing the Cordillera ; and this circumstance appeared 
to me scarcely explicable, except on the idea of the 
exterior lines having been subsequently upthrown, and 
therefore having been exposed to a less amount of denu- 
dation. From the manner in which the fringes of 
gravel are prolonged in unbroken slopes up the valleys 
of the Cordillera, I infer that most of the greater dis- 
locations took place during the earlier parts of the great 
elevation in mass : I have, however, elsewhere given a 
case, and M. de Tschudi ^ has given another, of a ridge 
* *Iteis6 in Peru/ Baud 2, s. 8 : — ^Author’s Journal, 2iid edit. p. 359, 
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thrown up in Pern across the bed of a river, and conse- 
quently after the final elevation of the country above 
the level of the sea. 

Ascending to the older Tertiary formations, I will 
not again recapitulate the remarks already given at the 
end of the Twelfth Chapter, — on their great extent, es- 
pecially along the shores of the Atlantic — on tlieir anti- 
quity, perhaps corresponding with that of the Eocene 
deposits of Europe, — on the almost entire dissimilarity, 
though the formations are apparently contemporaneous, 
of the fossils from the eastern and western coasts, as is 
likewise the case, even in a still more rnaihed degree, 
with the shells now living in these opposite though 
approximate seas, — on the climate of this period not 
having been more tropical than what might have been 
expected from the latitudes of the places under which 
the deposits occur ; a circumstance rendered well 
worthy of notice, from the contrast with what is known 
to have been the case during the older Tertiary periods 
of Europe, and likewise from the fact of the Southern 
Hemisphere having suffered at a much later period, 
apparently at the same time with the Northern Hemi- 
sphere, a colder or more equable temperature, as shown 
by the zones formerly affected by ice-action. Nor will 
I recapitulate the proofs of the bottom of the sea, both 
on the eastern and western coast, having subsided 700 
or 800 feet dining this Tertiary period ; the movement 
having apparently been co-extensive, or nearly co-ex- 
tensive, with the deposits of this age. Nor will I again 
give the facts and reasoning on which the proposition 
was founded, that when the bed of the sea either 
stationary or rising, circumstances are far less favour- 
able than when its level is sinking, to the accumulation 
of conchiferous deposits of sufficient thickness, exten- 
sion, and hardness to resist, when upheaved, the 
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ordinary vast amount of denudation. We have seen 
that the highly remarkable fact of the absence of any 
extensive formations containing recent shells, either on 
the eastern or western coasts of the continent, — though 
these coasts now abound with living Mollusca, — though 
they are, and apparently have always been, as favour- 
able for the deposition of sediment as they were when 
the Tertiary formations were copiously deposited, — and 
though they liave been uplieaved to an amount quite 
sufficient to bring up strata from the depths the most 
fertile for animal life, — can be explained in accordance 
with the above proposition. As a d(‘duetion, it was also 
attempted to be shown, first, that tlie want of close 
sequence in the fossils of successive formations, and of 
successive stag(‘s in the same formation, would follow 
from the impr(»bability of the same area continuing 
slowly to subsiile from one whole period to another, or 
even during a single entire period; and secondly, that 
certain epochs having been favourable at distant pointvS, 
ill the same quarter of the world for the synchronous 
accumulation of fossiliferous strata,, would follow from 
movements of subsidence liaving apy)arently, like those 
of elevation, contemporaneously affected very large 
areas. 

Tlie.re is another point which deserves some notice, 
namely, tlie analogy between the upper parts of the 
Patagonian Tertiary formation, as well as of tlie upper 
possibly contemporaneous beds at Chiloe and Concep- 
cion, with the great g}q)seoiis formation of Cordillera ; 
for in both formations, the rocks, in their fusible nature 
in their containing gypsum, and in many other cha- 
racters, show a connection, either intimate or remote, 
with volcanic action ; and as the strata in both were 
accumulated during subsidence, it appears at first 
natural to connect this sinking movement with a state 
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of high activity in the neighbouring volcanos. During 
the cretaceo-oolitic period this certainly appears to have 
been the case at the Puente del Inca, judging from the 
number of intercalated lava-streams in the lower 3,000 
feet of strata; but generally, the volcanic orifices seem 
at this time to have existed as submarine solfataras, and 
were certainly (juiescent compared with their state 
during the accumulation of the porphyritic conglomerate 
formation. During the deposition of the tertiary strata 
we know that at 8. Cruz, deluges of basaltic lava were 
poured forth; but as these lie in the upper part of tlie 
series, it is possible that the subsidence may at tliat 
time have ceased : at Chiloe, I was unable to ascertain 
to what part of the series the pile of lavas belonged. 
The Uspallata tuffs and great streams of submarine 
lavas, were probably intermediate in age between the 
cretaceo-oolitic and older Tertiary forjnations, and we 
know from the buried trees that there was a great sub- 
sidence during their accumulation ; but even in this 
case, tlie subsidence may not have been strictly con- 
temporaneous with the great volcanic* eruptions, for we 
must believe in at least one intercalated period of eleva- 
tion, during which the ground was upraised on which 
the now buried trees grew. I have been led to make 
these remarks, and to throw some doubt on the strict 
contemporaneousness of high volcanic activity and 
movements of subsidence, from the conviction impressed 
on my mind by the study of coral formations,* that 
these two actions do not generally go on synchronously; 
— on the contrary, that in volcanic districts, subsidence 
ceases as soon as the orifices burst forth into renewed 
action, and only recommences when they again have 
become dormant. 


* *Tbe Structure, &c. of Coral Roefs,’ Isl od, p. 140 ; 2nd ed.p..l80# 
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At a later period, the Pampean mud, of estuary 
origin, was deposited over a wide area, — in one district 
confoimably on the underlying old tertiary strata, and 
in another district unconformably on them, after their 
upheaval and denudation. During and before the 
accumulation, however, of these old Tertiary strata, 
and, therefore, at a very remote period, sediment, 
strikingly resembling that of the Pampas, was depo- 
sited ; showing during' how long a time in this case the 
same agencies were at work in the same area. The 
deposition of the Pampean estuary mud was accom- 
panied, at least in the southern parts of the Pampas, 
by an elevatory movement, so that the M. Heimoso 
beds probably were accumulated after the upheaval of 
those round the S. Ventana ; and those at P. Alta after 
the upheaval of the Monte Hermoso strata, ; but there 
is some reason to suspect that one period of siibsidence 
intervened, during which mud was deposited over the 
coarse sand of the Barrancas de S. (tregorio, and on the 
higher parts of Banda Oriental. The mammiferous 
animals characteristic of this formation, many of which 
differ as much from the present, inhabitants of South 
America, as do the eocene mammals of Europe from 
the present ones of that quarter of the globe, certainly 
co-existed at B. Blanca with twenty species of mollusca, 
one balanus, and tvro corals, all now living in the 
adjoining sea : this is likewise the case in Pateigonia 
witli the Macrauchenia, which co-existed with eight 
shells, still the commonest kinds on that coast. I will 
not repeat what I have elsewhere said, on the place of 
habitation, food, wide range, and extinction of the 
numerous gigantic inammifers, which at this late 
period inhabited the two Americas. 

The nature and grouping of the shells embedded in 
the old Tertiary formations of Patagonia and Qiile, 
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show us, that the continent at that period must have 
stood only a few fathoms below its present level, and 
that afterwards it subsided over a wide area, 700 or 
800 feet. The manner in which it has since been re- 
brought up to its actual level, was described in detail 
in the Eighth and Ninth Chapters, It was there shown 
that recent shells are found on the shores of the Atlan- 
tic, from Tierra del Fuego northward for a space of at 
least 1180 nautical miles, and at the height of about 
100 feet in La Plata, and of 400 feet in Patagonia, 
The elevatory movements on this side of the continent 
have been slow ; and the coast of Patagonia, up to the 
height in one part of 950 feet and in another of 1200 
feet, is modelled into eight great, step-like, gravel- 
capped plains, extending for hundreds of miles with the 
same heights ; this fact shows that the periods of denu- 
dation (wliich, judging from the amount of matter 
removed, must have been long continued) and of eleva- 
tion were vsynchronoiis over surprisingly great lengths 
of coasts. On the shorc^s of the Pacific, upraised shells 
of recent species, generally, though not always, in the 
same proportional numbers as in the adjoining sea, 
have actually been found over a north and south space 
of 2075 miles, and there is reason to believe that they 
occur over a space of 2480 miles. The elevation on 
this western side of the continent has not been equable; 
at Valparaiso, within the period during which upraised 
shells have remained undecayed on the surface, it has 
been 1300 feet, whilst at Coquimbo, 200 miles north- 
ward, it has been within this same period only ^252 
feet. At Tjima, the land has been uplifted at least 
eighty-feet since Indian man inhabited that district ; 
but the level within historical times apparently has 
subsided. At Coquimbo, in a height of 364 feet, the 
elevation has hera interrupted by five periods of com- 
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parative rest. At several places the land has been 
lately, or still is, rising both insensibly and by sudden 
starts of a few feet during earthquake-shocks ; this 
shows that these two kinds of upward movement are 
intimately connected together. For a space of 775 
miles, upraised recent shells are found on the two op- 
posite sides of the continent ; and in the southern half 
of this space, it may be safely inferred from the slope 
of the land up to the Cordillera, and from the shells 
found in the central part of Tierra del Fuego, and high 
up the ri\‘er Santa Cruz, that the entire breadth of the 
continent has been uplifted. From the general oc- 
currence on both coastvS of successive lines of escarp- 
ments, of sandunes and marks of erosion, we must 
conclude that the elevatory movement has been nor- 
mally interrupted by periods, wlien the land either was 
stationaiy, or when it rose at so slow a rate as not to 
resist the average denuding power of the waves, or 
when it subsided. In the case of the present high sea- 
cliffs of Patagonia and in other analogous instances, we 
have seen that the difficulty in understanding how 
strata can be removed at those depths under the sea, at 
which the currents and oscillations of the water are 
depositing a smooth surface of mud, sand, and sifted 
pebbles, leads to the suspicion that the formation or 
denudation of such cliffs has been accompanied by a 
sinking movement. 

In South America, everything has taken place on a 
grand scale, and all geological phenomena are still in 
active operation. We know how violent at the present 
day the earthquakes are, we have seen how great an 
area is now rising, and the plains of tertiary origin are 
of vast dimensions; an almost straight line can be 
drawn from Tierra del Fuego for 1600 miles northward, 
and probably for a much greater distance, which shall 
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intersect no formation older than the Patagonian 
deposits; so equable has been the upheaval of the beds, 
that throughout this long line, not a fault in the strati- 
fication or abrupt dislocation was anywhere observable. 
Looking to the basal, metamorphic, and plutonic rocks 
of the continent, the areas formed of them are likewise 
vast ; and their planes of cleavage and foliation strike 
over surprisingly great spaces in uniform directions. 
The Cordillera, with its pinnacles here and there rising 
upwards of 20,000 feet above the level of the sea, 
ranges in an unbroken line from Tierra del Fuego, 
apparently to the Arctic circle. This grand range has 
suffered both the most violent disJocations, and slow, 
though grand, Tipward, and downward movements in 
mass : I know not whether the spectacle of its immense 
valleys, with mountain-masses of once-liquified and 
intrusive rocks now bared and intersected, or whether 
the view of those plains, composed of shingle and sedi- 
ment hence derived, which stretch to the borders of the 
Atlantic Ocean, is best adapted to excite our astonish- 
ment at the amount of wear and tear which these 
mountains have undergone. 

The Cordillera from Tierra del Fuego to Mexico, is 
penetrated by volcanic orifices, and those now in action 
are connected in great trains. The intimate relation 
between their recent eruptions and the slow elevation 
of the continent in mass,^ appears to me highly impor- 
tant, for no explanation of the one phenomenon can be 
considered as satisfactory which is not applicable to 
the other. The permanence of the volcanic action on 
this chain of mountains is, also, a striking fact ; first, 
we have the deluges of submarine lavas alternating 
with the porphyritic conglomerate strata, then occa- 

^ On the Connection of certain Volcanic Phenomena in South America. 
* Qeolog. Transact./ vol. v. p. 609. 
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sionally feldspathic streams and abundant mineral 
exhalations during the gypseous or cretaceo-oolitic 
period ; then the eruptions of the Uspallata range, and 
at an ancient but unknown period, when the sea came 
up to the eastern foot of the Cordillera, streams of ba- 
saltic laA^a at the foot of the Portillo range ; then the 
old Tertiary eruptions ; and lastly, there are here and 
there amongst the mountains much worn and appa- 
rently very ancient volcanic formations without any 
craters ; there are, also, craters quite extinct, and others 
in the condition of solfataras, and others occasionally 
or habitually in fierce action. Hence it would appear 
that the Cordillera has been, probably witli some 
quiescent periods, a source of volcanic matter from an 
epoch anterior to our cretaceo-oolitic formation to the 
present day ; and now the earthquakes, daily recurrent 
on some part of the western coast, give little hope 
that the subterranean energy is expended. 

Eecurring to the evidence by which it was sliown 
that some at least of the parallel ridges, which together 
compose tlie Cordillera, were successively and slowly 
npthrown at widely different periods; and that the 
whole range certainly once, and almost certainly twice, 
subsided some tliousand feet, and being then brought 
up by a slow movement in mass, again, during the old 
Tertiary formations, subsided several hundred feet, and 
again was ])rought up to its present level by a slow and 
often interrupted movement; we see how opposed is 
this complicated history of changes slowly effected, to 
the views of those geologists who believe that this 
great mountain-chain was formed in late times by a 
single blow. I have endeavoured elsewhere to show,^ 
that the excessively disturbed condition of the strata 
in the Cordillera, so far from indicating single periods 
^ ‘ Goolog, Transact.,’ vol v, p. 626. 
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of extreme violence, presents insuperable diflBculties, 
except on the admission that the masses of once lique- 
fied rocks of the axes were repeatedly injected with 
intervals sufficiently long for their successive cooling 
and consolidation. Finally, if we look to the analogies 
drawn from tlie changes now in progress in the earth’s 
crust, whetlier to the manner in which volcanic matter 
is erupted, or to the manner in which the land is histo- 
rically known to have risen and sunk : or again, if we 
look to the vast amount of denudation which every part 
of the Cordillera has obviously suffered, the changes 
through which it has been brougljt into its present con- 
dition, will appear neither to have been too slowly 
effected, nor to have been too comj)licated. 

Note. — As, both in France and England, translations of a passage 
in IVof. Ehrenberg’s Memoir, often roteiTed to in the Eleventh Chapter of 
this volume, have appeared, implying that Prof. Ehrenberg belie vas, 
from the charat^tor of the Infusoria, that the Pampeaii formation was 
deposit, ed by a sea-debacle rushing over the lanfi, I may state, on the 
authority of a letter to me, that these translations are incorrect. The 
following is the passage in question : — ‘ Piirch Boachtung der mikro- 
scopischcii Formeii hat sich nun festollon lassen, dass die Mastodonten- 
Lagcr am La Plata und die Knoehen-Lager am Monte Hermoso, so wie 
die der Eiesen-Gurtelthiero in don Dunenhiigiln bei Bahia Blanca, 
beides in Patagonien, unvoriinderto brnkischo kSlisswasserbildungen sind, 
die oinst wohl sanmtlich zum obersten FJuthgebicthe des Meeros im 
tieferen Festlande gehorton / — Monaisberichte der konigl. Akad. etc,^ su 
Berlin vom April 1845. 
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DESCRIPTIONS OE TERTIARY FOSSIL SHELLS 
PROM SOUTH AMERICA. 

By G. B. SOWEHBY, Ksq., F.L.S., &e. 


MaCTKA ? RTJGATA. — PI. II. %. 8. 

Mactrn 9 testA ohlon(/d, tenuis turyiddf latei'e antieo aUiorej rotim>^ 
daio, pofitico lomfiorej (tcuminato ; lineis increvienti rugas con^ 
centiHim cffonmntihi(S. 

The shell itself is changed into Gypsum. 

Santa Cruz, Patagonia. 

Mactra Darwinii. — PI. II . fig. 0. 

Mnctm testa ovali^ suhceqnilaterali, siibvcntricosdj temdmculd^ Icem^ 
voncmtncb striata, antich rotuiulata, imtioh ohsoletmime snih- 
qmdratd. 

It is impossible to get at the hinge, wherefore it cannot be 
ascertained positively to be a Mactra. 

Santa Cruz, Patagoniai 

Crassatella Lyellii.-~P1. II. fig. 10. 

Oi^assatella testd oblmu/d, plaiiiusculd, termitfsculd, postice migulatd, 
margme jjostico dormli declivi, superjicie sulcis ohtusis, 7 'e^notis, 
lom/itudhiaUhm oi'natd. 

This species most nearly resembles Crassatdla lameilosa of 
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Lam. j it is^ however, destitute of the ereet lamellee which omar 
ment the surface of that specieg, 

Santa Oruz, Patagonia. 

OOEBIS? LJ5TIGATA. — PI. II. lig. 11. 

Ckyrhis testd ovaio^7*otundatdy ventricosdy leevigatdy margine intm 
Icni : long. 3*2 ; lot. 2* ; alt, 2’7, poll. 

It is not without some hesitation that I have placed this in the 
genus Coi'bwy although it is of the same general form as most of the 
known species of that genus. It is quite free from external rugosity 
or lamellee. There ai-e two specimens, both of them so imperfect 
that it is impossible to ascertain with certainty the character of 
the hinge and muscular impressiens. 

Navidad, Chile. 

TELLIErJDES ? OBEONGA. — PI. II. %. 12, 

Telltmdesf testd oblongd, mbaiquilaterah) anfetim (iltiorej 
teiiuB ntrdqiie rotundafd ; disco gluhrOy Unm 

incrementi Bolummodo signato : loitig. 1‘.3 •, alt. 0'7, poll. 

This shell is very thin, and being embedded in a hard compact 
stone, all attempts to get at the hinge have proved abortive ; it is 
therefore placed in Tdlmuhs as the genus to which it approaches 
most nearly in external characters. M. d’Orbigny considers it a 
JSolenelltf. 

Ohiloe, eastern coast. 

■Venus meriuionalis. — PI. II. fig. 13. 

Venus testd ovaliy plano-omtvexdy concerUxtct: striatdj stHis acivtisy 
distantibusy ml^elevtdiSy inlerstitiis radiedm obsolete sUiatis ; 
margine minutmirn^ crenulato. 

This BO closely resembles V. exalUduy Lam. in shape, as not to 
be distinguishable, except by the radiating stri® and the finely 
crenulated margin. 

Santa Cruz, Patagonia ; and Navidad, Civile,^ 

Oytkebea sulculosa. — PI, 11. fig, 14. 

Cytherea testd, suhovatdy ant ice rotumlatiorej postice Irngtorcy acumir 
natiuBculdy obtusd ; sulciB concentriedSf confeiiiuBGiUiBf medio 

‘ Wherever a fossil has been found at two localities, the name first 
^iven implies that the best specimens came 'from that place* 
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antich postichque acvitionbrn ornatd: long. alt, 0'7 ; 
lat. 0*4, poll. 

I have compared the siBgle valve of this with numerous recent 
and fossil Vetn^ercs and Oyiherem, without being able to identify it 
with any. As I have not been able to see the hinge, I have only 
judged it to be a Oythei*ea from analogy. 

Chiloe, eastern coast : islands of Huafo and Ypim ? 


OARBirM Pfelcuum. — PI. II. fig. 15. 

Card { am testa subglobosa^ tmui^ Icmmculdy latet'e postico sitbcari^ 
7)nto, superjicie striis radianttbuSj nutaerosisstmis, confertissimis 
inst'i'uctd. 

The radiating strife and the interstices are nearly equal. Nearly 
the whole outer surface is gone trom both specimens. 

Santa Oruz, Patagonia. 

CaRBIFM KTFLTIRABIATtnW.— -PL II. fig. 16. 

Card bun testa suhglobosd, costelUs radiantihm posticis 16 ,? 

medianis plurimis planulatisj interstitm rotundatis; niargine 
denticulaio. 

These are all the characters that can be given, as there is only 
the posfi'rior portion of one valve ; of course the general foim is 
onl)^ surmised, and the proportions cannot be ascertained. 

Navidad, Chile. 

Cariuta Pataoontca. -PL II. fig. 17. 

Cardita testa sahtrapeziforyni-roiimdd^ tutnidd, siJihcordifomdf stihob^ 
dqud, costis radiantibus 24, angustis, angulatisj sqmmoBO’-serratis, 
udersfitiis latiorihm. 

Nearly rekted to C\ andicostata, and may be distinguished by 
having fewer and more distant ribs. 

Santa Cruz, Patagonia. 


GLABRA. — ^PL II. fig. 18, 

Nucuht testd ovato-oblongd, glahrd, nitidd^ latetr antico brevtoref 
postico magis acuminato ; marginibm dm*mlihu8 declivis. 

1 have referred this to Nuoulay because there is no external fulr 
crum for the attachment of the cartilage and ligament ; the nature 
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of tlie stone in wliich it is irabeddod has rendered it impossible to 
expose any part of the inside. 

Santa Oruz, Patagonia. 

Nttcttla oknata. — ^Pl. IL fig. 19. 

Nncula icM postice tnmcata emargmatOy svperjieie linm elevatis 
undatis cmicmti'im ornatti. 

A beautiful species which apparently resembles N. Thracue^ 
formifi in general shape, but inasniiicb as a fragment alone has been 
founds we camiot give a more complete character. 

Port Desire, Patapfonia. 

Trioonocelta tjtsoli'J’a. — PI. II. figs. 20, 21. 

Trigonocelia testa suhovali, cTassinscidu^ mldh ohliqan^ Uevi: area 
ligament i iidgondj laterlhas elevatis ; dentHnis paitciSj magnis. 

This species is more unlike the typical form of Feci unculm 
than any whieli has come under my observation, being even more 
oblique than the P, ohliquns ot‘ Do France, from wliich it dilfers 
moreover in being smooth on the outside, and destitute of radiat- 
ing ridges. 

Santa Cruz, Patagonia. 


CuCT7LL.EA ALTA.— PI. II. figS. 22, 23. 

Cueullmt testa ovolchirapezifm^uu, suhohliqud^ suhrugosd, mnbmiihus 
distantibmj area ligameriti profit ude sulcata., impressiouis in us-' 
ciilaris posiirte rnargine ventrali elcvatd. 

There is a considerable primd facie resemblance between this 
species and CuculUea decimata, ‘ Min. Con.’ This from S. Cruz 
may, however, be easily distingiiished from the; British, by its 
greater height, its more obliqiu', form, and by the greater number 
of impressed lines on the ligamental area. 

Santa Cruz and Poil; Desire, Patagonia, 

ALTERNANS. — PI. II. fig. 25. 

Anomia testa suhoi’hicidmd , cosfellis radiantibns plmimis, sid'sqm- 
mifci’is, alternis minoribus. 

There is only a single valve of this species. 

0 , Chile, 
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Ter^ibrattjla Patagokica. — PI. II., figs. 26, 27, 

Tef*eh'atida tesid omli, Imi^ valvis ferd atqualiter convexiSy dorsali 
produotdj inourm^ foramine niagnOj ad margmem valvat*um ferb 
parallelo ; deltidlisy mfdiocribm ; ared cardinali concavdj ^ longi^ 
tudinis testtx ; margbie antico integro. 

Slightly different from the T. variabilis of the British Crag, 
(vide ^Min. Oon,’ t. 576, ft*. 2 to 6^ to which however it is very 
nearly related, as it is also to trie T. bismuata^ Lam., of the 
Paris basin. It may be distinguished from both by its having no 
sinus in the anterior margin. 

San Josef and San Julian, Patagonia. 


I*ECTEN oe:m:inatits. — PL II. fig. 24. 

Pecten testd tvqiiimlvij ovatd^ aurieidh inmqualihm^ cost is ^'adianti-- 
bus squaimdiferis 22, gemimtis ; httersfitm alternis latiorihuSj 
nmnuvquam costa mitiore instructd ; anriculd alierd mugnd 
radiatim costatd. 

In general form tins species resembles Pecten teMonus (Schlot.) 
Goldf. Tab. XO. f. U, but it has very few more than half the num- 
ber of ribs, wliich in tbe present species are disposed in pairs. The 
P, fextorius, moreover, belongs to the Lias and inferior OolitCy ac- 
cording to Goldfuss. 

San Julian, Patagonia. 


Pectee^ I)\RwrsTAETTS. — D’Orbig. ^ Yoyage, Part. Pal.^ 

(PI. III. figs. 28, 20, of this work.) 

Pecten testd fere orhiculari, suhecquiimlm^ ieviuiy utrinque convexiuS'’ 
culd : e.iius Imn^ inf as cost is radianfihnSj per paria dispositis^ 
prope centrum minus consjneuis ; aunculis pat'vis. 

Like Peat. PleuroneeteSj P. Japonicus^ and P, ohliteratus in 
general characters, but easily distinguished from all three by the 
circumstance of its internal radiating ribs being disposed in ^airs. 
This species has l)een named and described by M. d’Orbigny, but as 
his description is very brief, owing to the condition of his speci- 
mens, and is unaccompanied by any figure, I have thought it 
advisable to append the above specific character. 

San Josef, Patagonia ; and St. F^, Entre Rios. 

B R 
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Peotei^ PARAi5rEi^sis.~~D’OrHpr. ' Toyapre, Part. Pal.' (PL in. 
fig. 30 of this work.) 

This epecics has heen figured and fully descrihed by M, d‘Or- 
•bigny^ and has been accidentally refigurod liere. 

San Josef, San Julian, Port Desire, Patagonia; and St. 
Entre Dios, 


Pecten cet^xbaxis. — PL III. fig. 81. 

■Pecten testa suhr?rcultn't\ dep'cssdy radiis quinqiie squamulifeiis cenr 
trnli emiventwre^ Ihieifi radiantilnis asperis mime7'(msque ornaid ; 
uunculis mopniSy sicboiqimlibm f 

A single fragment of this remarkable species was found at 
Port S. Julian : two others were brought from Port Desire. These 
fragments are all <»f the same side, so that we are as yet but very 
impertectly acquainted with the species. 

San Julian, Port. Desire, Santa Cniz, Patagonia. 


PeCTEN ACTINODEB, — PL III. fig. t33. 

Pecten testa mhm'lnc^ilan^ conveormsculd., temui^ valm suheequalibuSy 
radiis pi'wcijmlihis suhelpi^atis mrea 30, iutermediis 3 — 7 
vnnoribus^ otmiihus sqtiomalifens ; avriculis hieeqimlibmy 
radUrtim squamtdifcrisy (din'd mayndy porreeidy altera parvd, 
declim. 

Komarkable for its principal ribs btdng numerous and only 
slightly (devated, and for its intermediate ribs being very nu- 
merous, 

San Josef, Patagonia. 


Pecton ntTDis. — PL III. fig. 32. 

Pectm testa snho7'himlariy sabhaeguivolm, crassiwcvMy nidi, costis 
radiantihis 22, rofuvdafisy interstitiis (mynsttQj'ibus ; wtermediis 
nonnnnquamfere obsoletisy maryine vaiidh vmdulato. 

The specimen is only a fragment ; another fragment aocompaiues 
it, which may possibly be the opposite valve, 

Ooquimbo, Chiloe. 
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OBBPIDtTLA GESaABEA. — PL III. fig. 34 

Qrepidula testd ohlongd.intortd^ a^assdf mhrugosd; septo doTigatOf 
8id)8pi.raUf Imvi ; vertice. mhmarginali. 

This species is remarkable for its lengthened form : it is found 
grouped together in an argillaceous sandstone of a grayish colour. 
It bears a strong general resemblance to Crepidula fornicataj 
which is found, similarly grouped, on the coast of New York, 
New England, and generally on ther Atlantic coasts of North 
America. 

Santa Oruz, Patagonia. 

Bulla cosmophila. — PI. III. fig. 35. 

Bulla testa suheglindraced ; extremitatihm obtusis, rotundatisy 
aid led pauhiliun latiore ; striis nwaerosts^ corifertiSy tram-- 
s-isy interstitiis angmtioribus planiimulis : long. 0*0 ; lat 0’4. 

I do not find any character to distinguish this from the fossil 
which abounds in the neighbourhood of Bordeaux, and which is 
also found near Paris and in Normandy, and which Deshayes has 
regarded as merely a variety of Bulla lignaHay Auct., from which 
however it may easily be distinguished by its much more cylmdri- 
cal form. 

Iluafo Island, Chile. 


SlOABETUB SU33GLOBOSUS, — PI. JTI. figs. 36, 37. 

Sigaretm testa subglohosa, anfracfihm quatuoi'y spiralitei' concinnh 
suleatis : long. 0*9 ; lat. 0*H : alt. 0*55, poll. 

The spiral grooves and intermediate ridges are veiy nearly 
equal in general, thoiigii sometimes rather irregular. This is the 
most comave species of Adaiisou’s Slgaretus Wmi I have ever seen, 
the position of its aperture being mucli less inclined to the longi- 
tudinal axis than it is even in the S. concavuSy Lam., a recent 
species common at Valparaiso. 

Navidad, Cliile ; and Ypun Island, Ohonos Archipelago, 

Natica pumila. — PI. III. fig. 38. 

Natica testa ovato^siihglolosd, glabrdy anfraetihm quatmr, umhilko 
magnoy patulo. 

A single individual of this small species, which appears as far 
as I can judge to be distinct from any of tho recent species, occurs 

B B 2 
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in tlie same sort of rook, namely, a very hard and very dark olive 
green sandstone, with the following species. The difficulty of 
detaching the stone from the shells has prevented me tom ascer- 
taining with certainty whether or not there he an umbilical 
callus* 

Ohiloe, eastern coast. 


Natica stmolata. — PI. in. fig. 39. 

Katica testd dcpresstitJiouhy-mbfflohosdf cramiiscvld^ glah*d^ anfraty 
tihuB quatuor ad quinqiip^ ultimo maaimo, spiraliier mhsfriatOy 
stiiifi subdiaf antthuji ; cnllo umhilicali magnoj rnnhUioum o?n- 
mnb obtegente, ad lahiiim internum ineraBsatum miticb coii-^ 
juncto. 

Tills species resembles Bwainson’s Natica melaBtoma in general 
form, as well as in the umbilical callus : it is however rather more 
circular and the umbilical callu.s is rounder. Judging from the 
apparent general form, I at first sight, when I only saw the upper 
surface, had taken it for Sif/aretus cwicavus, which it also resembles ; 
and I was not undeceived until by clearing away the stone I dis- 
covered the umbilical callus. There are two specimens of this 
species. 

Ohiloe, eastern coast. 


Nai'ica solida.— pi. III. figs. 40, 41. 

Natica testd suhglolmd, a'amd^ lavi^ spird hreri^ anfractihm quin- 
qua, mturd sahhwonspicud, aperturd ovali, IMo oohmiellnH 
poBticc crassmimo, umbilico medioori^ callo parm : long. 1 *8 ; lot, 
1*5, peW. 

This most nearly resembles a very common recent species, 
which has generally been confounded with N. mmnilla, but wliicli 
I have lakdy reemved from D’Orbigny under the name of iV^. Tiber 
of Yalencieiines,it may be divstinguished tom that epecies by being 
almost destitute the umbilical Callosity. The only specimen is 
very much worn, particularly about the spire, so that the true 
character of the suture is only discernible in oue part, and the 
general appearance of the specimens conveys the deceptive notion 
of a deep and broad cbannclled suture. 

Several specimens of a Natica, clo.sely resembling, but possibly 
distinct from this species, were procured at Banta Oruz ; they are 
in a much disguistM] state, and only a small portion of the shell 
itself remains, partifmlarly of the outer coats about the suture, 
which consequently appears very deep and distinct, whereas when 
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well preserved tlie suture is scarcely distiiigiiisliable j M. d'Orbigny 
considers the S. Cruz species are certainly distinct. 

Navidad, Oliile ; Santa Omz, Patagonia ? 


SCALAKIA liUGtri.OSA. — PI. III. figp. 42, 43, 

iScalaria testa amminato-jfnjmmidali^ crassimculd^ oynninh rugxdosd^ 
varicihus mmitTostSy crassisy rotunclatis ; interstitiis sjpiraliter 
obsolete mlcatis. 

Volutions about eleven or twelve, increasing very gr^ually 
in size ; with fourteen or tifteen rounded and thickish varices on 
each. 

San Julian, I’atagonia. 


Tkocuus oonLAKiB.— PL III. figs. 44, 45. 

Trochus testd conied, Icpvi, mifractilms suhcrqmdihnsy fexmmimb 
tramvoy'sim striutisy postice prop'e suturas luherculis xninutis 
seriatim ciiwtiSy infra mihconcexisy spiral iter temiiter striatis ; 
apartnroi ampdo externo aciUo : long, 0*45 ; laty 0*55, poll, 

A very small portion of the outer surface remains, the inner 
coat is wholly covered with a yellowish greim and reddish irides- 
cence. Pnibilicus as far as I can judge the same as in the following 
species, Tr, Icem. This may possibly be only a young shell of that 
species, (and is so considered by M. d’Or>)igny) as it is only distin- 
guished by a row of very small tubercles placed immediately under 
the suture, which may have existed in that, species when young ; 
and it must lx* observed tliat the iirst volutiojis are broken from 
both tbe specimens of 7>*. Imis, 

Navidad, Cliile, Santa Oitiz, Patagonia. 


Tkochus l.i:vis. — PL III. figs. 46, 47. 

Trochm testa conicUy Icevij (tn fractihus suhceqaaltbiiSy postich turgi^ 
dimctdiSy anticb teyndssime transoersim striatisy infra %nhconr> 
cavisy spir alitor tcnmter siHatis: apertard rhomhoidedy arigulo 
eccterno acuto ; umbilico niediocriy infiis kevissimoy lahio intet'no 
suhincrassato : long. 1’3; lat.2'ypoll. 

The remains of the pearly inner coats are beautifully iridescent 
in this species ; the outer surface is dull. 

Navidad, Chile. 
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Pleuboxoma discobb.— pi. IV. fig. 64. 

Plmirotomn testa fiisiformi^iurntdf sptrd acmninnid^ anfractihm onto, 
piostice tenuisBimh trarmersim striatis, medio tuberculatis, ultimo 
antich striis rrassis sMuhcrculatis insfructo ; canali elongatOf 
tenuiter trmuvensm striata; columella redd: Umg, 1*8; lat, 

A species which appears to be nearly related to lU, cateriata, 
Lam. jDesh. II. t. G2, f. 11, 12^ (a iossil of the Paris Basin), 
and which may perhaps lie merely a variety of that species. In 
stature and ^^eiioral chai’actersit resembles it very closely j its striae 
are however very difierent. 


Firsxrs beqtjlaris ? — PL IV. fig. 56. 

A single verj^ imperibet specimen wiiich may probably be a 
variety of this species. It is not siifficienll v complete to allow of 
its being decided, or of its characters being given. It is not even 
certain that it belongs to tlie genus. !M. d'Orbigny considers it as 
a distinct species. 

Navidad, Chile. 


y USUS FfRULlEOIiMIS. — PL IV. fig. 50. 

Fusus testd turhinatd^ antiee spiraliler svlcatdf sfnrd 

coniedf radi ; anfradihvs 0-4, medio tuhereulaiiSf tiiberculis 
t7'ansvc7'sim sulcatisj in costas suhdecwrmtihm ; canali elmgato, 
iransvei’siiu sulcata. 

This somewhat resembles the TnVon clavafor, Lam. (a recent 
species), in form ; its s}nre is liowover more elevated, and its 
canal shorter in proportion, I judge it to l;e a Fusus from the 
general extcmal ap^iearanc-e, but cannot be quite certain, for the 
stone alxHit the nioiith is st> much indurated tliat it cannot be 
cleared away. 

Navidad, Oliile. 


Fusrs suBEErLi^xuB.—PL IV. fig. 57. 

tedd fnsiforrnidari^itd, Iransvermn striatdj striis irregu-* 
larihus^ an^fracithtis nomn^ medio iuherculatis^ prope suturm 
suhadp'essu; cmiali ^nediocri sidn'ejicd'o : Imig, 2*1, lat, 1*, 
poll. 
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Tlie shell to wliicli this bears the greatest resemblance is a fossil 
named Fasdolaria Burdufalemu^ Defr. by I)e Bastoret in the 
^ Memoires de la Soc. dllist. Nat. de Paris j ’ in our shell there is, 
however, no appearance of oblique folds on the anteiior part of the 
columella, consequently it is generically distinct; while in other 
respects it is suniciently different, as may be seen by comparison. 
Its spire is longer in proportion to the last -s olution, and its canal 
shorter. 

Navidad, Chile. 


Fusns NoACHTifirs. — PI, IV. figs. -58, 59. 

Fmua Unfa ovato-fmifonniy uMqne subacumnmtd^ mpialif an-- 
f t ad thus quinque spiralite?' mlcatis, sulds 2 derumqtie seriatim 
jteti.iim ; post ids lon<ji1udinalit(T obtuse costatis; canali mer- 
‘xriy suhascendente ; mitnrd distim td, 

A species whicli bears some reaeniblaiice to Fmns Koce, Lam. ; 
still it is not nearly related to that specdes. In shape it resembles 
F. iamellmus, to which it is really reiat-ed, but it is quite destitute 
of the lamellar yarices, so that it may easily be distinguished. 

San Julian, Patagonia. 


Fnsus PATAGONicrs. — 1^1. fig. CO, 

Fusus testa ovato-ohlont/dj tenuiusmldy muUifarimn xancosa, an- 
fractibns mujtdafis; vancihus lamelliformilnis, anticb 

dt^kwisj acnminatisj inlerstitiis iranscvi'sim sulcatis ; 

apepiurd suhvircularij cmiali h\du8t n/o, mubilico valido. 

Nearly related to Fusus lamelloms and F, MagelhmicuSj and 
apparently connecting the two. 


Pyuxjla distans. — PI. lY. fig. 01. 

Jh/nila testd ficifonni^ tmmiusculd^ spirn hrevismnd ohiiisdj anfrao- 
tihus qu(duot\ ultimo nuuimo^ denmertim striata^ et carinatOf 
carinis 11 — 12, distantibus, nonnuUis inttrstitialihus m^im 
elevatis: long, PB; laf, \'2,,polL 

A very elegant species of true Pyrulaj somewhat resembling 
P, nexilis (a tertiary fossil) in general appearance, but difiering 
from that species in its propoTtions, being much wider in com- 
parison with its length, and having a much shorter spire, 

Navidad, Chile. 
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SlBtTTHIOlASIA OBUATA.— PI. TV. fig. 62. 

Strvthiolaria teBtd tnmtdj apice aeiiininato^ anfraottbm senUj 
epirnlitei'' prope, sutnmni onnaliculathj Imtjitudinaliter 

costis obtimsj antico costu duabim SfnralihuSy elevcctiSf 
cmt^ medium positis ; mdurd profiindd : long. 0*7 j lat. 0*45, 
poll. 

Tliis is the on!}' fossil species of this rare <reiiiis T liave ever 
seen. Oasts of a large variety are found in a loose clayey sand- 
stone at Port San Julian. M. d’Orbigny entertains some doubt 
about this being a Struthiolaria. 

Santa Oruz and San Julian, Patagonia. 


TKTTOIsr TERRUCtTLOSTIS. — PI. IV. fig. C3. 

Tinton te$td ov>at(hconicdy tramverdm temxiiter stnatdy anfructibtis 
8(tni% posHcis serie unicd mediand tuberculonm dncfisj nit mo 
costis tribm mbohsoletk fnhercuUferisy tuhemdk costef posticce 
mqjonbuify relitjuiarmn obsoletk : vurivibus vnlidis^ trituherculk 
feris: long. I'd; lat. 1*05, 

This may be distinguished from Triton lencostomn {Ilrmella 
lefUi'ostoniUf Lam.), to which recent s])ecies it is mast nearly 
related, by the paucity of tubercles forming the posterior row, as 
well as by the strongly tuberculated varices, and by its being 
destitute of the pits which are so distinct behind the varices in that 
species, 

Kavidad, Chile. 


Triton LEtrcosToMon)Es.— PI. IV. fig. G4. 

Tntoyi testa ovato-ohlongd^ spird obtimi ; anfrartibus scnis^ suh^ 
ventricosis spiraliter sulnatis, et longitndimiliber costatis ; varicibus 
s, rotuwIutiSf transversim mlcatis. 

This species resembles lYiton leueosioma (Itanella lenoostomUj 
Lara.) more nearly than any otlier species : it differs, however, in 
the following particulars, viz., in its general form, which is more 
oblong; in its longitudinal ribs, which are smaller and more 
numerous^ and extend nearly the whohj length of each volution ; 
whereas in T. lexicostoma^ th(*y are little more than elongated 
tubercles near the middle of the whorls. 

Huafo Island, coast of Chile. 
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Oassis HOinxiFEK.— PL IV. fig. 66. 

CktmB teM eubglohoedy trarmersim temitei* striatd, ipird elevch 
tiuftmddf anfractibus senis^ ultimo gihhosOj sme unicd tubei'^ 
mdmmin postich irntructo; lahio exiemo tmuimmlo, rejiexoy 
intits leexi ; Mio coluynellan oxpmm, latvi : long. 1’6 ; laL 1*1, 
pdL 

A Becond row of small tubercles may be observed occasionally. 
I know of no species to which this is nearly related. 

Navidad, Chile. 


Monoceros ahbigutts. — ri. IV. figs, 60, 07. 

Monocero^ tmtd suhglohosd, crasmiscitld, Icevivsculd, spirnliter ohsoleth 
costellatdj apyei'turd magnd, labio extemio intm incrasSatOf 
unihilico par 00, angmto, 

A single specimen in very bad condition j considered by 
M. d’Orbigny as closely related to, but not identical with, the 
Jlf. crassilahrum of T^nmarck. 

Ooquimbo, Chile. 


-Navum Genus. 

I have thought it necessary to designate tins singular sliell by 
a new genera; mime, because its charaders are such as will not 
permits its union with any hitherto established genus. I'he, shells 
to which it ap]>ears to be most nearly allied have hitheiiio been 
arranged \\dth Jtnmnumy Ebnrna, and Fvsns. Such is the Buec, 
plwnheum of Cluuimiti^ (whi(;h Swainson has designated by the 
generic name of PsetuloUva ®), and which, to avoid the necessity of 
adding to the number of generic names, I had united to the 
Bburuee? Such also are two fossil shells diiscribed and figured by 
Deshayes, under the names of Ih/cclnnm Tiara and JB.Jissuratum. 
Ono shell resembles this somewhaf in foi'ra, but in other respects 
is very diflerent, and this has been placed with the Buccims in 
Wood’s ^Suppt./ and with the Fim by Gray. The characters by 

* From yacrrpl^iov, venfriculus. 

• * This name of Pseudoliva, by which Swains'on has designated the 
Buccinum plunibeum of Chemnitz, and which has been adopted by 
Gray, is evidently untenable and absurd, because employed to describe 
an imaginary/ affinity to Ox.iva, tvhich docs not exist. To Eburna and 
uccinum, the genus is nearly related. 

“•Boshayes, * Ooquilles fossiles des* environs de Paris/ tom. ii. pp. 

G66. 666. 
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wHch tMs new genus may be kno^m and distinguished from its 
allied genera oi’e as follow : — 

Te^td ventricom^ 8uhgloho$d^ spird hf'evij ar^fmvtibtis posticb ad 
mturas <idp7'e8m ; aperturd onagndy ovali ; cmmli postico 
angugto ; anfioo Into, 7'efic.i o ; lahio e.iierno posfke iyiO'amatOj 
antic^ temiio7*pf dmie hren^ sulco dot'snli idoneo^ prope anticani 
partem podto ; lahio colamelUu'i incrassato, expamo^ postice apud 
cancdexn crasskme. 

Gas'I'kidii^m Cepa. — ri. IV. figs. 0.^, 61). 

Gnstridimn testa cepoifonm, Icevignfu^ ant ice spiralifer sulcata^ labii 
ei’terni margme nntico crenato: long, lat, 1*7, 

Naridad, Obile. 

TEUEltKA COSTELLATA. — PI. IV. ligS. 70, 71. 

Terebru tcsfd fnr/dtdj Imnmcula, anfractihns medio tuinidiuBCuliB, 
postici' lined impressd ohsoletd not at 1% costellLs nwmerom Imigitvr 
dinalibm, eleoatk ; apeiiurd coliunelldque kedhus. 

The number of v(dntions and tlie proportions cannot be given, 
for there is only a single fragment (dHliis species. 

Navidad, Ohile, 


TEliEJJilA UKiniLIEEKA. — PL IV. figs. 72, 73, 

Tcrehra testa elongato-^tarritu, Iceriicscula, lineolis undidaiis longi- 
iudmaiibm confertis, pfostids fortiorihus^ tecta ; anfractibus 
pltirimis^ postice tmnidiusvnUs, lined impnssd sabobsoletd, medio 
subconmds ; aperturd sabrhomboidedy columella Iced. 

There are only two fragiiienis of this speeii‘s, it is obviously 
impossible to ascertidn the number of volutions or the propor- 
tions. 

NavhUad, Chile. 

VoLUTA XIIIPLICATA.— PL IV. lig. 74. 

Valuta testa elovgato-ohkmgd, spird attenuatd, anfractibus senis 
spnraliter conferfim striafis^ ad suturas adprems^ deinde 
tubet'culafiSf tuhercnlis in costas autid deciaTe'ntibus ; aperturd 
oblongd,f Umgitndmem sjnrce ccquaydc ; colimielid triplicntdf plicis 
oUiguis^ suhcequalihus : long, 2-2r> ; lat. 0‘0, jyo/7. 

This species is phiced among the Volutes,, because the posterior 
or upper folds on the columella are rather smaller than the 
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anterior; it nearly resembles in preneral appearance the fossil 
VolutcBf muridnaj Lam., and Besh., though easily distin- 

guishable from both, by the circumstance of the three folds on the 
columella being very nearly equal in our species, whereas in the 
two above mentioned the imsterior folds are more numerous and 
all very much smaller than the anterior : moreover, the posterior 
part of the volutions is not adpressed in either of those species, 
and the proportions are also diiferent. 

Navidad, Chile. 


VOLFTA ALTA. — ^1^1. IV. fig. 75. 

Voluia teM elomjato-ohlm^d, spird afteniiatd, anfractihiis smis 
gracilihm^ spiralite^' cmtfet'thn striatis, prope mlurm adp'eam, 
deindo mh’i&ntricosis : nperturd ohlmgd, lahio extemo cramoyd^ 
mhr^xo ; columrlld pUds dmhis amtimoulisjpcrohliqim : 
long. 7‘6 ; lat. by poll. drca. 

There is only one specimen of this very remarkable shell, of 
which the anterior part is so imperfect, that no part of the inner 
lip or of the canal is to be st^en, consequently the proportions 
given above may be liable to a sligl^t error. The species is nearer 
to V. Magellanira, ill an to any other known species ; it may, 
however, easily be distinguislied from that species by the 
characters above stat(*d. At Santa Oniz, there are two casts, 
apparently belonging to this species, but considered by M. 
d’Orbigny as diflerent. 

Navidad, Cliile ; Santa Oruz, Patagonia ? 


OlTYA DBirDIATA.—Pl. IV. figs. 70, 77. 

Oliva testa oblongo-ovatdy spird acuminafd, apice ohtmo ; anfractihts 
smis, ulthno lined tenumiind transversini diynidiafo : coluynelld 
mddei pUds qiidnque ohliquis, posHcd majori: loyig. OP; lat. 
Q-^7ypoll. 

Tliis species varies in its proportions ; it differs from all other 
recent or fossil species with which I am acquainted, in the remark- 
able circumstance of its having a broad band of enamel cov^ing 
the anterior half of tlm last volution above or behind the 
columellar band, whicli is distinguished from the posterior part of 
the volution by a very fine line, behind which may be seen the 
longitudinal lines of growth, these lines being hidden on the 
anterior part by this last covering of enamel. Th’a species bears 
a general resemblance to 0. ispidvlay a common recent species. 

Navidad, Chile. 
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GiaANTEtTM, — PI. n. fig. 1. 

JOrntcdium testd tereti^ rectimculdj mlcis longitiidinalilMS numerosis^ 
interstitiis rotandafu : lo7iff, 3*2 ; ltd, 0*5, poll* 

This species appears (K*casionally to grow to a very large size, 
for one fragment that is one inch and a third in length, is half an 
inch in width at its smaller extremity, and six-tentlis of an in<;h at 
its larger j while in its thickest part the shell itself is 0T3 of an 
inch thick. 

Navidad, Chile. 


Den^talium: bttlcobu:ml. — PI. II. fig. 2. 

DenUdimn tedd toreti^ rediuscidd, codellis longitudirwMbuB 
elevatiumdiA^ mhdistanfibm 14, hvtentitiis plamdatis* 

The proportions cannot be given ; for there is only one frag- 
ment, whiem has been broken and the two pieces conferriuninated 
by the sandstone in which it occurs. 

Navidad, Chile. 

Dentalittm majus. — PI. n. fig, 8. 

Dentalium testa tereti, rectiusculd, costis longitudmalihus 24, dUemis 
majonhm, interstitiis rotmdatis. 

The proportions of this species cannot be given, because there 
are only some fragments ; it appears to ]>e one of the larger 
species of the genus, probably reaching the dimensions of 
jb, scxangulm'c of Deshayes, tab. 3, fig. 4. It differs from that 
species in the circumstance of its never having only six angles ; 
and it differs from D. elcphardinum ()f Deshayes (which I have 
else wli ere proved not to he the D, elephnntinmn of Linnseus) in 
being less rapidly attenuated, and in being straighter. 

Iluafo Island, coast of Chile. 


Balakus varians. — PI. n. figs. 4, 5, 6. 

Balanus testd polymorphdf valiis plenmque Imnhmy nomiunquam 
radintim ohtmd eostatis, u^mdbus svhacmmnatis ; valvd hasali 
modb cmcavdy modb cyaihifoi'mi^ Iasi acuminata* 

This is a very remarkable as well as a very variable species. 
Its parietal valves are sometimes smooth, only showing the lines 
of growth, and sometimes covered with obtuse radiating ribs; and 
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the species belongs to tliat section of the genus wMcb baa 
acuminated and solid parietal valves. But the most variable part, 
in form, is tbe basal valve. It is to be observed that in most, if 
not in all, the species of tins genus which have been brought from 
the Southern Hemisphere, it is the base that becomes tubular 
whenever any accidental circumstance causes the shell to be 
elongated ; wherea^s in the elongated and clavate varieties of our 
common species, it is the parietal valves that are lengthened and 
not the basal. Tims, with respect to the present species, we find 
that when any numher of indhiduals are placed close together 
when very young, as they increase they form a group, of which 
the basal Valves grow up side by side and become tubular, without 
the parietal valves changing in form ; lienee in some specimens 
this valve is concave in consequence of its having been placed upon 
a convex suhstaneo, and at a distance from eacjh other ; while, in 
others, wliich have been placed veiy closely together when very 
young, this basal valve has taken a more or less deep cup shape, 
being very small at its lower extremity and increasing in dimen- 
sions with age# 

San Julian, Patagonia. 


BALAiTirs OoQTjiMHEifSXS. — PL II. fig. 7. 

Balanus tmtd pohjmoiyhdy valvis loivihiiSf mnnuitquam 7'adtafdm 
stnatisj lateralihm posticis angustionhm ; apicihus subti'uncatis ; 
aperturd parmild. 

A. remarkable fact is observable in the specimens, lx>th from 
the upper and lower parts of the formation ; I have selected one 
from the iipp(‘r bed as sliowing it m'ost distinctly. In consequence 
of numerous individuals being clo.sely grouped together, each one 
has been compelled to lengthen the l)a.sal valve, so as to form a 
nt^arly cylindrical tube, closed at the lower part, and gradually 
increasing as it ascends imtil it joins the base of tbe six parietal 
valves: this inert^ase in the length of the base seems to have 
taken place mor(>. rapidly than the growth of .the animal would 
permit. A portion of the low^er part of this basal tube has, there- 
fore, been filled up with cells or vesicles separated by calcareous 
septa, very irregular indeed, but which would, nevertheless, 
answer the purpose of supporting the base of the animal in 
the tube, so as to enable the animal to continue its Ititol 
functions. 

Ooqiiimbo, Chile. 
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DESCRIPTIONS OF SECONDARY FOSSIL SHELLS 
FROM SOUTH AMERICA. 

Bt Phofbssou E. FORBES, F.R.S,, &c. &c. 


NArTILTJS d’Obbtgn'YANtts. — PL V. fig. 1. (rt) 1. (b). 

Shell ventT^cose {prohahly smooth and slightly umbUicnted f) . Mouth 
xjery broody renifonn, Black rounded. Sutures bend suddtmly 
towards^ and near to, the umhilicm : on the back they are very 
slightly mxuated. 

This specimen is very imperfect. The form of the charahers 
resembles that seen in Nautilus Sowerhyaxius, a species des(Ti}>e(l 
from the upper greensand by D'Orbigny. The gentu’al form more 
nearly resembles Naidilus Icevigatns of the same author, a species 
also fi:om the Oraie chloriUe. 

Concepcion, Chile, 


!EL\mite3 elatiok. — G. B. Sowerby, 

Testa magnd, crassiusruld, land, suhcylhuhdcd, annulis elevntis, 
conspicuisy subconferiis, ornafd; extremitatibus invicem 
admotis. 

This is the largest Ilamile I have seen ; it is nearly cylindrical, 
and its large,8t diameter is 24 imdies, its smaller being 2{ . Tliore 
are two specimens, one of -which is much larger tlian the otlmr. 
The smaller shows clearly the near approximation of tJie two 
extremities. The specimens have been lost since Mr. Darwin’s 
return to England, and so cannot be figured. 

Port Famine, Tierra del Fuego. 


Perxa Americana.--PL V. figs. 4, 6, 6, 

Shell lancelnief ventneose, carinated, compmessed in the cardinal 
repimiy abruptly truncate, concave at the opjmsite side, so that the 
section of the two valves is triangular and somewhat, cordate. 
The sulcatiom of the hinge are large, numermis, and regular. 
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Tkt Bwiface cf the shell appears to have been concentrically, 
thovyh xrregidarly, «tnated. 

The specimen consists of the cardinal and apical portions of 
two united valves. 

Oopiapo, Chile. 


Astarte Barwinh. — PL V. figs. 22, 23. 

Shell broadly ovate, rnuch coynpressed, may^ked loith rather distant^ 
regular concentric fddges; the. intersti'Ces broad and concefntri- 
catty stHate ; anal and oral extremities matly equally h'oad ; 
breaks vet'y ohtm. 

Breadth, ; length, ; thickness, of an inch, 

Copiapo, Chile. 


Gryph.ea I)ABwiNrr, — PL V. fig. 7. 

Lower valves vei*y tmnid, elongated, ay^euated, laterally compressed, 
and mmh incurved at the rostral extremity ; its surface tmdu- 

• lated by disf,ant distinct sinuous fuyxows, marked 'With lesser 
sulcatians or striations, Upp(X valve concave, spniulale, ayid 
concentrically furrowed. 

Length, 3^ ; h'eodth, 2 ; distance frotn summit of beak to 
loivermost and central pai't of lower valve, 2/^ inches. 

Copiapo, Chile. 

GHYi'HiEA Nov. Sp. ? — PL V. figs. 8, 0. 

Loyver valve not very convex, rugged, angnlnted ; ujper valv'* concave, 
oi'bicidar, fuixoyved- with deep concentxic sulcations.. Appny*ently 
a young speciynen. 

Lerngh, 1 J ; bi'oadth, 2^**^; ; thickness of an inch, 
po, Cliile. 

Lttcina Americana. — PL V. fig. 24. 

Shell oylficndar, much depressed, the surface rough, with sharp, re- 
gular, elevated, distant, conce^ifric ridges (about twenty-five on 
specimen exatnined) ; the interstices ay*e striated eoncentyically. 
h, 1 / ' ; breadth, the same ; thickness, of an inch. 

In shape this species resembles the recent Lucina radida, 

Icpuque, Southern Peru. 

S S 
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Lttcina -EXcrnTmcii , — G. B. S(mERBY, PI. V, fig. 21. 

Testd mhovali^ loviter haiquivalvij vmhone admwo^ postic^ 

snJco prof undo ah umhone ad marfliitem infer am poftticam de^ 
cmrrevte in altera valvdy minm ^yrofando in altera: Imiy, 1*0; 
lat, 1 ' ; alt, 2‘ pmlL 

Like Lacina Childreniy tlio two valves are somewlmt unequal, 
and Bouietiiues tLe right, sometimes the left, valve is tlie larger. 
The po>tenor d(n‘sal groove is nearer the edge and deeper than 
in Lm^ina Femmylvanica^ and the wiiole shell is much less 
orbicular. The present species may be regarded as obliquely sub- 
oval. 

Iku’t Famine, Tierra del Fuego. 


SrxiirPER Ohileksts. — PL V. iigs 15, 10. 

Shell Anhorhivular, tnmid. Dorml calve deeper than the. vmiral ; 
cardinal area shorter than the IrauftverHe diameter of the valve.y 
trianynlarf eoneace^ hound hy anynlateil maryhu. Perfimation 
lanecolat o-t rianyular , Centre of the dovtud calve ivlth a rat heir 
deep and hroad idnus^ ivhichf as well as the side^ is furrowed and 
ribbed. liihs simple {about Itvtmiy-sU:^ of which four helony to 
the simis)^ hevominy obsolete towards the anyles of the aardiml 
area^ crossed hy strongly marked sinttom lines of grewth. Beak 
very prominent and. somewhat incurved. Dorsal valve Hhhed 
like the ventral^ four of the riJjs being upon the rounded hut well- 
dvjiuexl mesial r idge. Prontal margin of both valves slightly Ungui- 
form. 

There are tivo varieties of this shelly the one much more tumid 
than the other. 

Dimensions of largest specimen: hreadthy h'eadth of 
cardinal line, j length of dorsal valve y J of ventral valve ^ 
1 inch ; thickness of united valveSy \% of an tnchf 

This shell nearly resembles several carboniferous limestone 
spirifers. It is also related to some Uassic sjiecies, as Spirifei* 
Wokotii. 

Cordillera of Guasco, Chile. 


SriRIEEK LINGEIPEROIDES.—Pl. V. %S. 17, 18. 

Shell oj'hienlaVy glohosvy surface smooth.^ undnlat^ed towards the mar- 
gin, where there are also a few strong trumvofse furrows of 
growth. Valves nearly equal. P\ontal mmxfine not pi'ojecting. 
himmated. Mesial furrow of dorsal valve shallow^ lanceolute. 
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Imt xcell defined^ as i$ also the unesial ridge of the vertrah At^ea 
not visible in specimens examined. 

Breadth^ IJ; length nearlg the same; thickness j of an 

inch. 

Veiy near Sph*fiX linguifera of Phillips (a carboniferous lime- 
stone fossil), but probably distinct. 

^ Ilio Claro, Yalley of Ooquimbo, Chile. 


Tebebrattjla iifCA. — PI. Y, figs. 19, 20 ; 

Shell orbicular, depressed, surface ohsoleiely striated cemcentydcally ; 
the furrows of growth becoming mm'c strongly mark'd towards 
the margin. Dorsal naive most convex. Frontal margin ob~ 
solutely bisin noted, and in young specinmis slightly truncate. 
Beak of dorsal valve very jn'onwmd and incurved, obtusely 
angled at the sides,, terminating in a (small perforation. Ax^ea 
very small hut distinct. 

Length of dorsal valve, 3*-; breadth, of an hicJr, thick 
ness, 1 inch. 

lq.uique, Southern Peru. 
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— at the Galapagos Archipelago, 
126 

I — of liornhlende-rock in gneiss, 423 
j — of gneiss in gneiss, 427 
Fresh- water Bay, 123, 132 
Fi’eyer, Lieut., on elevated shells of 
Aricii, 266 

Frezier on sea-level at Coquimbo, 
252 

Fuerteventura, ailcarcous beds of, 
100 

i 

ALAPAGOS Archipelago, 110 
— parapets round craters, 94 

— pseudo-dikes of, 440 
Gallegos, Port, tertiary formation of, 

385 

Garnets in gneiss, 42G 

— in mica slate, 445 

i — at Panuncillo, 539 
j Gaudichand, M., on granites of 
Brazil, 427 

Gay-Lussac on tlie expulsion of car- 
bonic acid gas, 9 
Gay, M., on elevated shells, 239 

— on boulders in the Cordillera, 293, 
297 

I — on fossils from Cofdillem of 
I Coquimbo, 560 
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GILL 

Gill, Mr., on brickwork transported 
by an earthquake- wave, 272 
Gillies, I)r., on heights in the Cor- 
dillera, 482 

— on extension of the Portillo range, 
499 

Glaciers, their structure, 80 
Glassiness of texture, origin of, 70 
Glen Roy, parallel roads of, 260 

— sloping terraces of, 295 
Glossopteris Broumii, 147 

Gneiss, with a great embedded frag- 
ment, 149 

— derived from clay slate, 168 

— near Bahia, 422 

— of Rio de Janeiro, 425 

— deeoinpo.sition of, 427 

Gneiss -granite, forms of hills of, 160 
Gold, distribution of, 581 
Good Hope, Cape of, 160 
Gorges, narrow at 8t. Helena, 103 
Gorodona, formations near, 332 
Granite, junction with clayslate, at 
the Cape of Good Ho})e, 167 

— axis of oblique to foliation, 453 

— andesitic, 478 

— of Portillo range, 494 

— veins of, qu.'irtJioso, 454, 529 

— pebble of, in poiqdiyritic con- 
glomerate, 559 

— conglomerate, 567 

Granitic, ejected fragments. 47, 125 
Grau wacko of Uspallata range, 516 
Gravity, specific, of lavas, 132-140 
Gravel at bottom of sea, 214, 225 

— formation of in Patagonia, 219 

— means of, transportation of, 224 

— strata of, inclined, 515 
Gravel-terraces in Cordillera, 290 
Grecnough, Mr., on quartz veins, 464 
Greenstone, resulting from mefai- 

morphosed hornbltmdo-rock, 432 

— of T. del I'uego, 444 

— on the summit of the Campana 
of Quillota, 471 

— porphyry, 473 

— relation of, toclayslate, 473 
Crrt/phm orimdalis, 542 
Gnasco, elevation of, 261 

.secondary formation of, 550 
Guitm-gueyu, Sierra, 434 


HIPPURITE8 

Guyana, gneissic rocks of, 424 
Gj-psum at Ascension, 61 

— in volcanic strata, at St. Helena, 
86 

— on surface of the ground at St, 
Helena, 98 

— nodules of, in gravel at Rio 
Negro, 219 

— deposited from sea- water, 273 

— deposits of, at Iquique, 303 

— crystals of, in salt lakes, 304 

— in Pampean formation 317 

— • in tertiary formation of Pata - 
gonia, 371, 373, 377, 378 

— groat formation of, in the Por- 
tillo Pass, 487, 489 

in the Cumbre Pass, 504, 

509 

near Los Homos, 536 

at Coquimbo, 542 

at Copiapo, 653, 557 

near Iquiqno, 578 

— of Ban Lorenzo. 579 


H all, Capt., on terraces at 
CoquiTn]>o, 255 

Hall, Sir J., on tlie expulsion of 
carbonic acid gas, 9 
Hamilton, Mr., on elevation near 
Tacna, 266 

Harlan, Dr., on human remains, 
193 

Hayes, Mr. A., on nitrate, of soda, 
305 

Heat, action of, on calcareous matter, 
8 

(fossil), 174 
IMix melo, 163 
HcmUri/pa (fossil), 183 
Hennah, Mr,, on ashes at Ascension, 
42 

Ilenslow, Prof., on chalcodcftiy, 54 
— on concretions, 464 
Hcrliert, CHpt., on valleys in the 
Himalaya, 286 

Herradura Bay, elevated shells of, 
250 

— tertiary formations of, 403 
Himalaya, valleys in, 286 

ChitensiSf 542, 548 
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HITCHCOCK 

Hitchcock, Prof., on dikes, 424 
Holfinau, on decomposed trachyte, 
29 

Holland, Pr., on leolniul, 108 
Honestones, pseudo, of Coquimbo, 
543 

— of Copiapo. 5;Vi 
Hooker, Dr. .1. 1).. <jn fossil beech 
loayes, 386 

Hopkins. Mr., on axes of eloration 
oblique to foliation, 454 

— on origin of lines of elevation, 
469, 592 

Horn!)]ciide-rock, fragments of, in 
gneiss, 423 

Hornblende-schist, near M. Video, 
433 

Horner, Mr., on a calcareo-aniinal 
substance, 62 

— on fusibility of fcldsp.ar, 138 
Homos, Jvos. sod i<m near, 536 
Hornstone, dike of, 456, 458 
Horse, f(js‘'il t<}Oth, of, 326, 336 
Huafo Island, 390, 406 

-- subsidence at, 418 
Hutintajaya, mines of, 577 
Hubbard. Dr., on dikes, 139 
IHimboldt, on ejected fragments, 48 

— on obsidian formations, 72, 74 

— on s]4neru]ites, 76 

— on parapets round craters, 04 
■— on saline inmistations, 306 

— on foliations of gneiss, 424 

— on concret-iuns in gneiss, 459 
Hutton on a7nygdaloidH, 18 
Hyalite in decomposed tracliyte, 29 


I CEBEEG8 action on cleavage, 
468, 462 

Iceland, stratiBcation of the circum- 
ferential hills, 108 
Illapele, section near, 635 
Imperial, beds of shells near, 236 
Incrustations, on >St. Paul’s rock, 38 
— calcareous, at Ascension, 68 
— saline, 306 

Infusoria in Pampean formation, 
315, 321, 328, 333 
— in Patagonian formation, 371, 
373, 874, 385, 386 


LAVA 

Iodine, salts of, 307, 809 
Iquique, elevation of, 266 
salilerous deposits of, 302 

— cretaceo-oolitic formation of, 577 
Iron, oride of, in lavas, 608, 569 

— in sedomentary l)eds, 536, 540 

— tiuidency in to produce hollow 
concret ions, 396 

— sulphate of, 663 

Isabelle, M., on volcanic rocks of 
Banda Orientul, 343 
Islands, volcanic, distribution of, 
140 

— their elevation, 144 


TA.GO, St., 3 

James Island, 119, 122, 131 
Jasper, origin of, 52 
Joints ill clayshite, 447 
Jonnes, M. Moreau do, on craters 
affected by wind, 42 
Juan Fernandez, 144 
Jukes, Mr., on cleavage in How- 
fuuiidlaiid, 463 


K AJITSCI tATKA, andesite of, 480 
^ Kano, Dr., on the production of 
j carbonate of soda, 274 
Keilhau, M., on granite, 1 67 
Kicker Rock, 114 
King George’s Sound, 160 
— calcareous bods of, 248 


L ABRiVDOR feldspar, ejected, 
I 47 

Lakes, origin of, 227 
— fresh-water, netir salt lakes, 311 
Lamination of volcanic rocks, 74 
Land-shells, extinct at St. Helena, 
101 

Lanzarote, calcareous beds of, 300 
Lava, adhesion to sides of a gorge, 
20 

— feldspathic, 24 

— with cells somi-amygdaloidal, 31 
— kmltic, of S, Cruz, 381 
— claystorie poiqihyij, at Chiloc, 
892 
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LAVA 

Lava, clayatone, ancient submarine, 

477 

— basaltic, of the Portillo range. 497 

— foldspathic, of the Cumbre Pass, 
608 

— submarine, of the UspallatJirange, 
622, 626, 631 

--basaltic.oftbcUspallata range, 628 

— submarino, of Coqnimbo, 644, 547 

— of Copiapo, 564, 665, 569 
Ivavas, Bpeijific gravity of, 132, 140 
Lava-streams, blending together at 

St, Jago, 20 

— composition ol'surface of, 70 

— with irregular hummocks at As- 
cension, 111 

— heaved up into hillocks at the 
Galapagos Archipelago, J 1 6 

— their fluidity, 117, 119 

— extreme thinness of, 125 

— dilffcr('iic(‘s in the state of their 
surfaces, 133 

Load, separation fwnn silver, 134 
Lomus Island, 3H9, 406 
Lemny Islet, 391 

Lesson, M., on craters at Ascension, 42 
Leucite, 118 
Lignite of Chiloe, 392 

— of Concepcion, 397 
Lima, elevation of, 266 

Lime, sulphate of, at Ascension, 59 

— muriate of, 275, 302, 306 
Limestone of Chunbro Pass, 606 

— of Coquimbo, 642, 646 

— of Copiapo, 660 
JAftorina (fossil), 171 

Lonsdale, Mr., on fossil corals from 
Van Diemra’s Land. 166, 178 
liOt, St. Helena, 96 
Lund and Clausen on remains of 
cttves in Brazil, 860, 863 
Lund, M., on granites of Brazil, 427 
Lyell, M., on embedded turtles’ 
oggs, 67 

— on glossy coating to dikes, 87 

— on craters of elevation, 107 

— on npraised shells retaining their 
colours, 219 

— on terraces at Coquimlx), 262 

— on elevation near Lima, 273 

— on fossil horse’s tooth, 836 


MAN 

Lyell, M,, on the boulder-formation 
being jinterior to the extinction of 
North American mammifers, 348 

— on quadrupeds ■washed down by 
floods, 353 

— on ago of American fossil mam- 
mifers, 362 

— on changes of climate, 414 

— on donmlation, 416 

— on foliation, 464 


11 /f AC AULA Y, Dr., on calcareous 
luL casts at Madeira, 164 
Mac Culloch, l)r., on an amygdaloid, 
31 

— on laminated pitchstone, 74 

— on chlorophseite, 156 

— on concretions, 464 

— on bods of nnu'blc, 467 
Mackenzie, Sir G., on obsidian 

streiuns, 73 

— on gl«)ssy coalings to dikes, 87 

— on stratification in Ice lam I, 109 

— on cavernous lava-streams, 116 
Maclaren, Mr., letter to, on coral 

formations, 421 

Maorauchenia Patachonica, 326, 345 
Madeira, calcareous casts at. 163 

— subsidence of, 230 
Magazine, Nautical, account of vol- 
canic phenomena in the Atlantic, 
105 

Magellan, St., elevation near of, 208 
Magnesia, sulphate of, in veins, 878 
Malcolmson, l)r., on trees carried 
out to sea, 629 
Maldonado, elevation of, 190 

— Pampean formation of, 337 

— crystalline rocks of, 429 
Mammalia, fossil, of Bahia Blanca, 

321, 336 

near Bt. F6, 334 *■ 

of Banda Oriental, 339 

of St. Julian, 344 

at Port Gallegos, 386 

— washed down by floods, 362 

— number of remains of, and range 
of, in Pampas, 367» 367 

Man, skeletons of (Brazil), 193 

— remains of near Lima, 288 
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MAN 

Man, Indian, antiquity of, 269 
Marble, beds of, 430 
Marefcanite, 69 
Maricongo, ravine of, 671 
Marsden on elevation of Sumatra, 
236 

Mastodon Andium, remains of, 332 

— range of, 360 
Mauritius, 33 

— crater of elevation of, 105 
Maypu Eio, mouth of, vritli up- 
raised shells, 239 

— gravel fringes of, 294 

— dobouchement from the Cordil- 
lera, 483 

Megalonyx, range of, 362 
Megatherium, range of, 362 
hliers, Mr., on elevated shells, 246 
— ' on the height of the Uspallata 
plain, 286 

Miller, Prof., on lyectod Labrador 
feldspar, 47 

— on quartz crystals in ohsidmn 
beds, 63 

Minas, Las, 429 

Mitehell, Sir T., on bombs, 44 

— on the Australian valleys, 162 
Mocha Is-bind, elevation of, 236 

— tertiary form of, 397 

— subsidence at, 418 
Molina on a great flood, 297 
Monte Hermoso, elevation of, 194 

fossils of, 321 

Monte Vidi'O, elevation of, 190 

— Painpean formation of, 337 

— crystolline rocks of, 431 
Morris and Sharjie, Messrs., on the 

pala?ozoic fussiis of the Fulklands, 
440 

Mud, Pampean, 315 

— long deposited on the same area, 
357 

Mud streams at the Galapagos 
Archipelago, 120 

Murchison, JSir B., on cleavage, 461 

— on waves transporting gravel, 226 

— on origin of salt formations, 680 

— on the relations of metalliferous 
veins and intrusive rocks, 684 

— on the absence of granite in the 
Ural, 692 


T^AEBOBOUGH Island, 117 

11 Nautilus d^Orhignyanus, 400, 
407 

Navidad, tertiary formations of, 401 

— subsidence of, 418 

Eegro, Eio, pumice of pe])bles of, 194 

— gravel of, 219 

— salt lakes of, 219 

— tertiary strata of, 370 

Nelson, Lieut,, on the Bermuda 
Islands, 162, 165 

New Caledonia, 141 

New Red Sandstone, cross cleavage 
of, 151 

New South Wales, 146 

New Zealand, 160 

North America, fossil remains of, 
362 ^ 

North Wales, sloping terraces ab- 
sent in, 296 

— bent cleavage of, 467 

Nuevo Criilf, plains of, 1 97 

— - tertiary formation of, 374 

(fossil), rosembling con- 
cretions, 6 


BSIDIAN, lH>mbs of, 44 

passfige of hods into, 62, 66 

— composition and origin of, 69, 73 

— streams of, 73 

— al)Sont at the Galapagos Archi- 
pelago, 129 

— crystals of feldspar sink in, 132 

— specific gravity of, 133, 137 

— its eruption from lofty craters, 1 37 

Olivine decomposed at Bt. Jago, 23 

— in the lavas at the Galapagos 
Arcliipelago, 118 

— at Van Diemen s Land, 156 

Oolitic structures of recent calca- 
reous bods at St. Helena, 09 

Otaheite, 30 

Owen, Prof., on fossil mammiferous 
remains, 322,326, 336, 839, 346 


P ALMKE, Mr., on transportation 
of gravel, 227 
Pampas, elevation of, 211 
— earthquakes of, 211 
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PAMPAS PORPirrilY 


Pampas, formation of, 219, 813 

— l<jcalitio8 in which fossil mam- 
mifers have heen found, 397 

Panuncillo, mines of, 688 
Panza Island, laminated trjiehyt-e 
of, 74 

Parami, Kio, elevation near, 191 

— on saline incrustations, 307 

— Pampoan formation near, 331 

— ’ on the S. Tandil, 434 

Parish, Sir W., on elevated shells 
near Buenos Ayres, 191, 192 

— on earthquakes in the Pampas, 

211 

— on fresh- water near salt lakes. 312 
■ on origin of Pampean formation, 

361 

Patagonia, elevation and plains of, 

196 

— denudation of, 213 

— gravel fomiatioii of, 219 

— sea-tdiffs of, 228 

— subsidence during tertiary pt 
rio<l, 418 

— crystalline rucks of, 435 
Pattinson. Mr., on the separation of 

lead and silver, 134 
Paul’s, St., rock.s of, 36 
Payta,, tertiary formations of, 405 
Pearl stone, 68 
Pebhlc.s of pumice, 194 

— - decrease in .size on t ho coast of 
Patagonia, *215 

— means of transportation, 225 

— encrusted with living coralliiu's. 
226 

— distribution of, at the 0 Rst(*ru foot 
of Cordillera, 289 

- dispersal of, in the Pampas, 318 

— zoned with colour, 472 
Pentlaiul, Mr., cm heights iii the 

Cordillera, 603 

— on fossils of the Cordillera. 611 
Peperino, 113 

Pernambuco, 193, 425 
Peron, M., on calcareous rocks of 
Australia, 164, 166 
Peru, tertiary formations of, 4t)6 
Peuqueuos, Pass of, in the Cor j 
dillera, 481 

— ridge of, 488 i 


! Pholas, elevated shells of, 233 
' Phonolite, hills of, 24, 27, 96 

— laminated, 76 

■ - with more fusible hornhleiide 
137 

Pitchsfcone, 66 

— dikes ol*, 75 

— of Chiloe, 391 

— of Port Besiro, 435 

— near Cauquenos, 480 

-- layers of, in t he Uspallata range 
523, 624 

— of Los Hornos, 638 

— of Ooquimbo, 643 
Plains of Patagonia, 197, 21 1 

— of Chiloe, 236 

— of Chile, 283 

— of Fspallata, 286 

1 — (»n eastern foot of ’ Cordilleiu, 

i 288 

j — of Iquique, 304 
Plants extinct, 167 
Plata, TaH, elevation of, 190 

— tertiary formation of, 218, 310 

— crvstillino rocks of, 428 
Playfair, Prof., on the transporta- 
tion of gravel, 226 

Pluclaro, axis of, 642 
Plutonic rrjcks, separation of con- 
stitAient parts of, by gravity, 137 
Pondichery, tb.ssils of, 400 
PorCi'lnin rocks of Port Desire, 437 
' of the Fspallata range, 622, t)26, 

j 630 

I PorphjTy, pebbles of, strowKl over 
Patagonia, 221 

Porphyry-claystouo of Chiloe, 392 

of Patigonia. 436 

of Chile, 471,476 

— greenstone, of Chile, 476 

— doubly columnar, 481 

— claystono rare, on the eastern 
side of the Portillo Pass, 493 

— - brick-red an^i orthi^c, of Cumbre 
Pass, 499, 514 

— intrusive, repeatedly injected, 
514 

— claystono of the Uspallata range, 
516 

— — of Oopiapo. 563. 670 

— — eruptive sources oF, 675 
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PORT 

Port Dosire, olcyation and plains of, 
198 

— tertiary formation of, 373 
--- porphyries of, 436 

Portillo Pass in the Cordillera, 481 
Portillo chain, 491, 490 
— - compared witii that of the Uspal- 
lata, 534 
Porto Praya, 3 

Prefil or sea-wall of Valparaiso, 245 
Provost, M. C., on rarity of jyreat | 
dislocations in volcanic islamjs, 89 
Producta, 176 

Prosperous Hill, St. Helena, 90 
Puente del Inca, sect ion of, 505 
Pumice, laminated, 74. 75, 77 

— absent at the Galapagos Archi- 
peliigo, 129 

— pehlJcs of, 195 

— conglomerate of, R. Negro, 370 

— hills of, in Ihe C(»rdiljora, 480 
Punta Alla, elevation of, 193 

— beds of, 323 

Puy de Dome, trachyte of, 50 


Q HAIL Island, StJago, 5, 11, 13 
Qriiartz-rock, mottled from me- 
tamorphic action with earthy 
me tier, 8 

— crystals of, in bods alte’rnatiiig 
■wnth obsidian, 6.3 
-- fusibility of, 138 
-- crysbUlisod in sandstone, 148 
— of the S. Ventana, 434 
— C, Pdanco, 436 
— Falkland Islamls, 440 
Portillo range, 494 
— viscidity of, 529 
— veins of. near Monte Video, 433 
— veins of, in dike of greenstone. 
443 

— grains of, in micarslnte, 450 
— grains of, in dikes, 454, 458 
- veins of, relations to cleavage, 

463 

QnillotA, Campanil of, 47 1 
Quintero, elcA^ation of, 246 
Qiiiriquina, elevation of, 237 
< — deposits of, 398 


SAIKT 

E xAKCAGUA, plain of, 285 

Rape!, R., elevation near, 239 
Rod Hill, 12, 13 

Reeks, Mr. T., his analysis of de * 
composed shells, 274 
— his analysis of salts, 302 
Remains, huirmii, 268 
Resin-like altered scorije, 10 
Rio de Janeiro, gneiss of, 1 49 
~ elevation near, 193 
— crysUilline rt:)ok.s of, 425 
Rivers, small power of transporting 
pehliles, 224 

- small power of, in forming val- 
leys, 300 

-- drill nage of, in the Cordillera, 
483, 593 

Roads, parallel, of Glen Roy, 260 
Robert, M., on strata of Iceland, ]i)8 
Rocks, volcanic, of H. Oriental, 341 
— Trtis Montes, 389 
— (3iiloe, 391 
— T. del FuogOj 444 
- with laminar slructure, 468 
Rodents, foasil, remains of, 322, 371 
Rogers, Prof., on curved lines ol 
elevation, 142 

— address to .Assoc, of American 
Geologists, 420 

Ro.se, Prof. G., on sulphate of ii^on 
at Copiapo, 653 


O BLAS, elevation of, 196 
0» S. Cruz, elevation and plains 
of, 201 

- valley of, 202 

— nature of gravel in valley of, 221 

— boulder formation of, 348 

— tertiary formation of, 377 

— sul)«idence at, 419 

S. Fe Bajada, formations of, 334 
8. George’s Ray, plains of, 198 
S. Helena, 83 

— crater of elevation of, 105 

S. Hedona Island, sea-cliffs, and 
subsidence of, 229 
I 8. Jago, Chile, 283 
I — crater of elevation of, 105 
! — effects of calcareous matter on 
I lava, 1 3 
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SAINT 

S. JoBof, (ilevutiou of, 196 

— tertiary formation of. 37*2 
8. Juan, elevation near, 190 

8. J uliaTJ, elevation and plains of, 200 

— salt lake of, 308 

— earthy deposit with mamniiferous 
remains, 346 

— tertiary formation of, 375 

— subsidence at, 418 

8. Lorenzo, elevation of, 266 

— old siilt formation of, 579 

8. Mary, island of, elevation of, 237 
8. Paul’s Kooks, 36, 141 
8. Pedro, elevation of, 191 
Salado, R., elevated shells of, 192 

— Pampeari formation of, 317 
Salines, 308 

Salses, compared with tuff craters, 
127 

8ftlt dejxisited by the sea, 61 
Salt, in volcanic strata, 61, 86 
hikes of, in craters, 127 

— with upraised shell, 267, 273 

— lakes of, 308 

— purity of, in salt lakes, 3 1 1 

— iloliqucseont, necessary for the 
preservation of meat, 311 

— ancient formation of, atiquique, 

579 

— ancient formation of, at S. Lo- 
rcJizo, 579 

— strata of, ori'^in of, 580 
Salts, superficial deposits of, 302 
Sand-dunes of the llriiguay, 191 

— of the Pampas, 193 

near Kahia Blanca, 194, 215 

— of the Colorado, 195, 216 

— of 8. Cruz, 204 
-- of Arica, 265 
8andst(me .)f Brazil, 169 

— ' of tile Cape of Good Hope. 1 69 

— platforms of, in New South 
Wales, 147, 160 

Sarmiento, Momit, 445 
Schmidtmeyer on auriferous detri- 
tus, 581 

Schomburghk, Sir K., on sea-bottom, 
226 

— on the rocks of Guyana, 424 
SehiKil, radiating, 166 
Scotland, sloping terraces of, 295- 


SHELLS 

Scrope, Mr. P., on silox in trachyte, 
IS 

on obsidian, 72 

— on laminated trachyte, 74, 76, 80, 

— on sphaerulites, 76 

— <.>n separation of trachyte and 
basalt, 133 

Sea, nature of bottom off Patagonia, 
214 

j , er of, ill forming valleys, 300 
Sea cliffs, formation of, 228 
Seal, Mr , model of 8t, Helemi, 229 
Seale, Mr., geoguosyof St.Heloua,85 

— on embedded birds’ bones. 102 

— on extinct shells of St. Helena. 
102 

— on dikes, 103, 104 

Sebastian Bay, tertiary formation 
of, 385 

Setlgwick, Pr(jf., on concretions, 69 
-- on cleavage, 462 
Septaria in concretion.s in tuff, 56 
Serpentine of Copiapo, 552 
Serpulre, on upraised rocks, 269 
Soychelles, 141 

Shale-rock, of the Portillo Pass, 189 

— of Copiapo, 559 
Shells.particles of, colours of, affected 

by light, 61 

—particles of, drifted by the wind at 
8t. Helena, 99 

— land, extinct at St. Helena, 101 

— from Van Hiennen’s Land, 154, 
176 

— from St. Jago. 171 

— fossil, from St. Helena, 173 

— upraistid, state of, in Patiigonia. 
208 

— elevateiljtoo small fur human foot], 

241 

— transported for inhind, for foo I, 

242 

— upraised, proportional numbers 
Tarying, 249, 267 

— upraifHitl, griidual decay of, 265, 
267, 273 

— upr.iised, absent on high plains of 
Cbilo, 287 

— upraised, near Bahia Blanca, 325 
• presen’od in concretions, 391, 
395 
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SHELLS 

Shells, living and fossil range of, on 
west coast, 410, 413 

— living, different on the east and 
west coast, 219 

Shelly matter deposited by the 
waves, 60, 

Shingle of Patagonia, 219 
Siau, M., on ripples, 161 

— on stia bottom, 225 
Signal Post Hill, 31, 17, 18 
Silica deposited by steam, 29 

— large proportion of, in obsidian, 
69, 73 

— specific gravity of, 137 
Siliceous sinter, 62 

Silver mines of Arqneros, 640 

— of ( 'hamineillo, 661 
--- of Iquiquo, 677 

disirihntiun of, 682 
Slip, great, at S. Cruz, 379 
Smith, l)r. A., on junction of gran- 
i'e and clayslate, 167 
Smith, Mr., of Juivlan Hill, on up- 
raised shells retaining their 
colours. 209 

— on Mivleira, 231 

— on elevated seaweed, 268 

— on inclined gravel beds, 616 
Soda, nitrato of, 306 

— sulphate of, nearHaliia Blanca, 
307. 310 

— ■ carbonate of, 308 
Soundings off P.atag'mia, 215, 226 
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